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INTRODUCTION

BEST COPY AVAILABLE

The curriculum development projects in elementary mathematics that

are described in this book are part of the government-financed educa-

tional reform movement which began in the United States in the 1950's

and continues today. The reform began with attempts to modernize cur-

riculum (particula..ly to make early schooling a better preparation for

later academic studies): to inject new knowledge into timeworn texts

and dated pedagogies. i.ater the reform movement assumed an overriding

concern for the problems of teaching children of wide-ranging achieve-

ment levels in desegregated classrooms.

Eight of the reports in this book analyze American curricula

developed under funding from the Office of Education, the National

Institute of Education, or the National Science Foundation. The ninth

report describes the concurrent reform of the mathematics curriculum In

the United Kingdom, undertaken by the Nuffield Foundation and the

National Schools Council.

All of the projects described here were influenced by the experi-.

ence of the early curriculum reform known as "the new math." That re-

form was an attempt to broaden and deepen children's understanding of

mathematics beyond rote arithmetic. Curriculum developers believed

that if children were having trouble with arithmetic it was because they

didn't understand what they were doing when they performed algorithms

for addition, subtraction, multiplication, and division. The new math

wis intended to give children the concepts which mathematicians identi-

fied as underlyino arithmetic; operations. The mathematicians developers

also intended thiAt even grade-school children should master and appreci-

ate mathematics as a mode of thought and as a foundation for later

intellectual endeavor rather than lust as a set of tools for workaday

computation.

The first injection Q; the new math into elementary classrooms

revealed that its designo gew?rally overestimated both children's and

teachers' capacity to understand abstract math concepts. The programs

that followed the first nit reforms - -among them some of the programs

reported here--'.hui attempted t,.) correct the apparent failings of the

new math: by returning to mor::, conventional arithmetic, by rethinking

the manner and sequence in which the newer and more powerful concepts

were presented to c!,ildren, or by couching arithmetic learning in terms

that would seem more nuAlral and relevant to children.
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The Prerequisite Problem: Preparing Teachers

However, the most immediate drawback of the new math was its dif-

ficulty for teachers themselves. If teachers couldn't grasp it and

didn't accept its benefits, how could they teach it to kids? Thus the

issue of teacher preparation for teaching new curricula was the single

most critical problem addvessed by the nine curriculum projects reported

here. The projects attempted solutions that range from updating and

deepening the mathematical education of teachers themselves by means of

inservice instruction, to reducing the influence of tr.e teacher in the

instructional process and placing main reliance on the curriculum

materials--making them "self-instructional" for pupils.

These same two solutions--improving the teacner or bypassing tne

teacher--are the major alternatives that have been tried as answers to

the problem of individualizing instruction within racially and culturally

mixed classrooms. Thus the strategy of individualizing by means of a

prepackaged, diagnostic-prescriptive system is a hallmark of some of the

curricula described here; others seek to individualize by giving the

teacher the responsibility to assess individual learning levels as well

as the flexibility to provide more diverse learning materials and activi-

ties in the classroom.

Implementation and Results

As all of these programs were part of the research and development

movement in public education, their developers shared a confidence in

the importalce of applying research findings and new knowledge to the

practical problems of cleescoom instructions and of testing new cur-

riculum products scientifically and revising them according to field-

test findings be ore release to the public. As it has gained experience,

the R&D movement has learned that its instruments frr evaluating--that

is, certifying-its products nave not been as scientific as had been

believed. Developers' evaluation results are often confusing, or ambig-

uous, or based on such small or select esmples that they are not con-

vincing. Furthermore, the process of introducing a new curriculum to

teachers and children 13 a complex, unpredictable enerprise that affects

evaluation; in public school rooms it simply is not possible to control

all of the many variables that powerfully affect new curriculum experi-

ments. In broadest terms, this means that developers, even during field

testing, have not been abie to assure that their programs are implemented

in the manner intended, end they certainly cennot control implementation

after the field-test stage.

A problem of implementation for all nine of these programs (espe-

cially for those projecting a more decisive and improvisatory role for

2
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the teacher) has been the provision of adequate inservice preparation.

By and large, school districts adopting any of these new programs have

not provided the length or depth of teacher preparation and ongoing

assistance developers had planned. In most cases, more teacher prepara-

tion has been needed, not less, if an ordinary classroom teacher is to

1) approach the degree of competence in math that was possessed by the

developers and by teachers who trial-tested the new lessons, or 2)

manage the diverse array of materials introduced by the new programs.

A related but subtler aspect of the implementation evaluation prob-

ler derives from the emphasis program developers have placed on teaching

children to think. Defining "thinking" as a whole series or clusters of

interrelated intellectual processes, or as problem solving, developers

of almost all the projects described in this book have tries' to design

lessons an4 to sequence them so that deeper thinking processes--not

just computation operations--would be stimulated in children. A signif-

icant aspect of most of the programs described in this book is the

,nanne in which the curriculum content and teaching strategy stimulate

cognitive development or provide experiences in problem solving. There

is wide variation in the thinking styles of project developers, so that,

though they all may agree on the common goal of teaching children to

think, they go about it in very different ways. Some programs call for

preconceived, ordered, spelled-out lessons, strongly directed by the

teacher. Others believe students should be led to make choices, explore,

improvise, make mistakes, and learn from them. A teacher's understanding

of and agreement with the developer's point of view about children's

thinking probably strongly influences her implementation of the program,

but this is not a factor that is taken into account in most program

evaluations.

These and many other problems of implementation mean that program

evaluators rarely are able to study truly comparable groups of children,

taught by truly comparable teachers, in truly comparable settings. The

result is that there is cs yet little convincing evidence about whether

children studying a new curriculum learn math better or faster than

imilar children studying :ether programs.

Uses For These Reports.

This is not the book, then, in which the school superintendent, the

mathematics curriculum specialist, or the classroom teacher can find a

government-certified, guaranteed, foolproof elementary mathematics pro-

gram. Schoolpeople still must base program selections upon their own

educational goals for children, their own assessment of their children's

needs in math, their district's resources, and their beliefs about how

children dnd tz,;!ho,rs learn.
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The writers hope that these reports--sampled from time to time, not
read all in a lump--will sharpen such judgments. Teachers, curriculum
coordinators, principals--their heads full of kids and classrooms and
lessons that do and don't work--should critique and adapt the work of
university scholars and educational technologists. One way to begin is
to bore in on existing programs' goals, rationale, knowledge content,
and teaching strategy, searching for the heart of a curriculum under-
neath the words in promotional brochures and the appealing design and
packaging of texts and apparatus. is ti propamis taachiYv atrategy
coHsistet :;ith 'te APO T:s gor.rls: at (no teachers

10 ;.his ;;`pct 11,-Lp 6'e-tn. we ,21fcrd

: Who eZec t*Lc!. it? Wh,:u evidencL: thct works? The
section headings of these reports, generating such questions, might
serve as agenda items in framing one's own local program, tailored to
one's own goals and resources. If classroom teachers play an influ-
ential role in it, such a process may well result in adoption and
adaptation of several curriculum programs within a school or a district:
acknowledgment of many teachers' experienced-based belief that no one
program works with all kids.

The format of these reports as designed to make comparisoas among
programs easy for the reader. Thus the first section of each report,

oee-?.e Ratl, is intended to spotlight theoretical similarities
Ind differences among programs. In these sections one observes two
major, apparent,' contradictory curriculum theories: that of the
cognitive-deveopmental learning theorists influenced by Dewey and
Piaget and that of the behaviorists influenced by Skinner. From the
second section, oaesee:, the reader can discern which of the programs
have a priority for in-%roducing new elementary mathematics topics, and
which are committed to the basic arithmetic curriculum with some updating.
One can also select out programs that have similar content (like the
Madison Project and the Arithmetic Project or IPI and 1MS), and then

compare their other aspects.

The third section, entitled CZqOC,t1 .47',.tf:i01-:, highlights the style

of interactions oetween teacher and students and among students. /triple-

mretooe, the fourth section in all the reports, provides detail about

what a school district neeJs to provide in order to use the program.
Here one can compare classroom organization requiremen4,, various forms
of inservice (Do you teach teachers more mathematics dna learning theory
or do you teach Lhem how to apply a prepackaged program?), and costs.

In the fifth section, Pliog:vm DeveZopm.14t and EvaLqtion, are short
sketches of the history of development and the manner and results of
the developer's evaluation, as well as comments from independent obser-

vers. rerealearo sections, at the beginning of each report provide thumb-

nail descriptitins of the programs and basic information about content,

style, and avdiiatillity.
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Curriculum Projects and Related Trends

Aside from their use in the process of analysis and drcision making,

the reports can be read also as case studies uf the process of curriculum

development, an educational art awn science still in its infancy. As a

group of case studies, the book is a representative rather than a compre-

hensive collection of recent elementary math curriculum developments.

Several other developments are of equal interest. CSMP ;Comprehensive

School Mathematics Program) being developed at CEMREL, St. Louis, pursues

the problem of designing a complete and completely new K-6 curriculum,

including student materials and teacher preparation. Project One at the

Education Development Center, Newton, Massachusetts, is seeking to com-

bine television and naturalistic math experiences in urban classrooms.

Project PLATO at the University of Illinois Curriculum Laboratory is

designing topics which can induce children to use computers to learn

problem-solving skills. A Canadian development, Project Mathematics,

influenced by Nuffield, has been translated into a text series available

in the U.S. from Winston Press. IPI math is, being revised, to incorporate

manipulative materials, at the University of Pittsburgh's Learning

Research and Development Center.

As these more recent R&D projects have learned from the earlier

generation of projects reported in this book, so have the commercial

textbook publishers. Careful analysis of publishers' new series shows

the influence of Nuffield and Madison, of behavioral objectives, and of

the R&D programs such as Minnemast that combine science and math.

Several of the projects described in this book respond to demands of

stronger guarantees about the performance of the teacher; developers

have structured the lessons around behavioral objectives that clearly

state what will constitute a child's and a teacher's competency at every

level of instruction. These schedules of competency statements are com-

patible with the influential trend, in colleges and universities, toward

competency-based teacher education programs. in these proirams, a list

of behavlorallL,stated competencies in classroom management and in

teaching in several curriculum areas rather than a series of courses

constitutes criteria for graduation. Some states are beginning to

require periodic: re-certification of practicing teachers on the basis

of siwilar competency lists. The reports of PI, IMS, OMP, and PIA

included here presage and complement the competency-based approach to

teacher education.

Those projects among these nine that have placed priority on re-

educating teachers in mathematics by means of their own workshop-style

learning, have also had an impact on preservice and inservice education.

Math lab, active-learning inservice programs have evolved into a new

institution for the continuinq education of teachers--the teachers'

center. In these informal learning centers stressing voluntary attendance,

5



teachers are encouraged to participate as actively and concretely as
their students, to self-assess and self-prescribe their needs for con-
tinuing education, and to request, design, and even teach the courses
presented in the center. In well-established centers some teachers
have gained enough expertise and confidence to design their own lessons
and materials. As this kind of work on the part of teachers takes root
in widely distant and differing settings. and teachers' home-made cur-
riculum products are exchanged and adapted, the idea of the teacher as
curriculum developer attains practicality and promise.

6
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INTRODUCTION

began the ye..zr w.:th a Larje cable ut the pear of the

room set up aa an explorw..ord area in mathematics.
W;_righing and bclancing was on ::natant hit, greatZy in

demand. I noti.ced that even as childr.en went by the
table, they wouiJ quickly balance a pencil against a
handful of beans, a container of mils: aga-t.nat the metal

washers. . . . After sev,,ral nonthe of thin as free
play (0th oecusional questions from mc when I came by)
I added task cards which asked, "How many jeans balance
one button?" and so prth. . . .

This is the start of a report by Patricia Post, a third-grade
teacher at P.S. 29, New York City, on her first four months of teaching
Madison math. Looking back in January on 'Mat had happened since the
Aladscn Proe: inservice workshop she had taken during two fu weeks
of August, Pat assessed what she had learned about Madison activities,
herself, and her 29 students.

The greatL:st shapes havt- been made on five geoboards!
After 3.:X wee4 of :heir. c.vaitabllity for free play, I

produced aot piper. Instant success: hundreds of shapes

recoriad I have been working in groups of 11 to
16, .7%a:owing thc task cards accompanying the geoboards. .

. . vh.-; :oys in my class who most resist reading,

who contr::bute conversationally, have the most acute

conenents about shaTes (;,1 the geoboard. It seems they are
.;1:17.!:n3 to iiiscubs (this) belause thc. material is

30 interestiy to nem. . . .

This class had scored between the fourth and eleventh percentile
in arithmetic and reading in New York City achievement tests at the

start of the school year. All of these third graders came from homes

where Spanish was spoken. They had not. spoken English until they

started school.

I began using boxes of very small split peas and dried
bahy lima., assignng fairly largo t...lo-place numbers to

be added and subtracted. As I hoped, the children 7earied
of thc tiny mItals and wanted to do something to make
-their c:14,---ing easier and faster. Various ideas were

forthcoming: paste 30M? together to make bunches, wrap

thel i2n paper put rbl),,:r hands around them, and so

8



forth. Since the custodian was gazing at me frostily,

I produced a large box of tongue depressors and suggested

pasting 10 kidney beans on each depressor. . . . A large

pretzel box became th- Bank and small peas were traded in

for tens. Our adding and subtracting moved more rapidly,

and I saw understanding of place value sooner than in

"better" classes of other years.

Pat had also taken a Madison Project course given as inservice the

previous school year. Teachers had learned and practiced lessons which

combined arithmetic with basic ideas of algebra and geometry.

I have tried to follow the (abstract) lessons as learned

in the inservice course. Began with Pebbles in the Bag,

discovered linguistic confusion about "more" and "less,"

have continued with this game intermittently. . . . Doing

number line work, leading to discovery of negative numbers,

they first called them "behind zero ones." One of my

ordinarily uninterested boys begon calling them "negative

one," "negative two," and so forth, after my use of this

.erm for Pebbles in the Bag answers. . . .

This is the beginning of my fourth year of teaching. Using

the math workshop approach and Madison Project ideas I

am having so much fun this year that I can't believe it.

My class is third or fourth (in supposed ability) out

of five third grades (in the school). But they and I

don't know it!

Patricia Post illustrates the Madison Project's aim of improving

mathematics instruction by educating teachers rather than by producing

new texts or work materials for students. The project director, Robert

B. Davis, says they do this because they believe students don't learn

textbooks; rather they learn the things that are valued in the culture

they're in. He believes that students will learn mathematics if they

can be in a classroom culture where mathematical things and thinking

are part of the action.

9



BASIC INFORMATION

BEST COPY, AVAILABLE

Program name: The Madison Project

Format: C6lections of lessons on modern math topics and active-learning
or math lab approach, disseminated by inservice courses.

Uniqueness: Topics integrating algebra and analytic geometry with

arithmetic. Dissemination by inservice training rather than texts.
Teaching style stressing "discovery" experiences and concrete
materials.

Content: Number and algebra (signed numbers, Cartesian coordinates,
variables, bases other than 10, functions), measurement, geometry,
logic.

Suggested .we: Enrichment to the basic arithmetic curriculum.

Target au.lience: Students of all abilities, primary through junior high.

Length of use: Teacher's discretion.

Aids for teachers: Films of fully worked-out lessons being taught in

classrooms. Student's kit and teacher's startup kit of manipulative

materials. Inservice training courses, "live" or packaged.

Date of publication: 1964 through 1972.

D;:rector/Ikvelxper: Robert B. Davis directed The Madison Project when he

was a Syracuse University professor. He is now director of the
University of Illinois Curriculum Laboratory, 1210 W. Springfield,
Urbana, Ill. 61801.

Distributor: The film series for teachers, A Concrete Approach to
Introductory Ideas in MathemAtics, is from Houghton Mifflin. The

teacher's startup kit of math workshop materials (Maths Minilab)

,omes from Selective Educational Equipment, Inc., 3 Bridge St.,

Newton, Mass. 02195; student's Shoebow Kits from H&M Associates,

Box 1107, Danbury, Conn. 06810; Davis' teacher texts Discovery
in Mathematic. and Hxpkrations Sri Mathematics are from Addison-

Wesley. Madison Project teacher's manuals, films, and developer-

.
conducted workshops are available from the Madison Project,
Curriculum Laboratory, University of Illinois, Urbana, Ill.
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1. GOALS AND RATIONALE

1.1 Goals

The seed of the Madison Project was Syracuse University professors'

experience teaching in public school classrooms in order to improve their

math courses for prospective teachers. As the pruject grew into the

development of a series cf teaching episodes in modern math. toeics, its

bent was always to improve teachers rather than to design products. The

teacher was seen as the most powerful influence for inteoducing new math-

ematics topics and for changing the setting and style in which children

learn.

The project conceived of mathematics as a pro;:ess For understanding

and organizing experience rather than as a f!olle::tion of knowledge and

procedures. Thus it called for a classroom in which the student can

have real-life rather than textbook experiences and can use his insights

about these experiences, with the teacher's leadershir, to formulate

and organize mathematical ideas. Since so few American schools provide

such settings for students, and so few teachers have mastered a style

which fosters the student's indepenjence but does not leave him entirely

on his own, an essential goal of the Madison Project was to give school

people examples of new ways and to help them change if they wished.

The project also intended to contribute to a general broadening of

the traditional school curriculum, which has offered only arbitrary,

"narrow slices" of knowledge, in the view of Madison Project director

Robert B. Davis. Mathematics education ougnt to teach children to

"learn how to learn," not just how to compute. Davis predicted the

automation of arithmetic by low-cost calculating machines. He main-

tained that today so much knowledge is produced so fast that the average

mind can't take it all in, so remembering will be a less important

skill for people than investigative methods of thought.

At the start the project shared with "new° physics, "new" grammar,

"new" social studies, et al., the goal of revealing the structure of a

discipline .11-yi methods for obtaining "interpretive knowledge" rather

than facts, so that eventually ordinary citizens would be able to

understand better and share in decisions of our technological society.

The Madison Project also wanted to prepare all kinds of students,

not just the college-prone, for all kinds of mathematical tasks in

later schooling.

There are three kinds of mathematics: COnCWItC, OCM-

rutz/Eonati and gen(..ral.12.atior!. All three must be

taught at all levels. . . . In this way, hopefully,

all learners can learn riot only now to solve it but

11



why it works. . . . Those who are mathematical have
always been and will continue to be able to build their
own bridges of understanding. . . . Methods for
teaching the others--the average or the slow--require
the use of manipulative materials. The children need
to see for themselves and do it over and over before
they can internalize any working concept.l

In his 1967 teacher text, Explorations in Atchematics, Davis offered
this list of specific ccgnitive objectives for mathematical growth in an
individual student over the years:

1. Develop ability to discover patterns in abstract situations.

2. Develop independent exploratory behavior that goes beyond
anything the teacher suggested . . . and sees open-ended
possibilities where others would see only the assigned task.

3. Master important techniques.

4. Know basic mathematical facts; for example, the fact that
-1 x -1 +1.

5. Acquire a set of mental symbols which he can manipulate
in order to try out mathematical ideas; for instance, the
above notation for negative and positive numbers.

6. See math in daily life and in a natural relation to other
school subjects.

7. Learn the really fundamental mathematical ideas; such as
variable, function, graph, matrix, isomorphism, and so on,
early enough in life so that they can serve as the founda-
tion for subsequent learning. This includes using some of
these ideas as "systematic apparatus" for doing arithmetic
computation.

Davis also spelled out attitudes which the project aimed to impart
to teachers and students:

1. Belief that mathematics is discoverable, not given; and
discoccruble by me.

2. Ability to assess his own ability honestly.

3. Valuing of abstract rational analysis.

4. Valuing of the shrewd guess.

5. Feeling that mth is fun, challenging, and rewarding.

12



1.2 Rationale

Mathematics is not the destination. It's the trip. The single
proposition on which the Madison Project rests is that math is not
"a collection of facts, definitions, algorithms, or explicit procedures
which mathematicians in the past have already arrived at." All of these

will be used in doing math, Davis wrote, but the doing itself is the
important thing, not its "result," or "the answer."

The theory is sometimes explicitly stated either
that students lack the ability to get beyond "facts"
or else that, whatever your goals, "you must begin
with facts." It is the Madison Project's contention
that neither of these statements is true. Quite the

contre-v: students can move beyond "facts" and deal
with "processes," and many students perform better
(and enjoy school more) if the school program focuses
on "reasonable tasks"--that is, on processes- and
deals with facts incidentally as they relate to these

2
processes.-

The project-designed lessons and activities stress stories, games.,
and toy-like learning materials because of developers' belief that
children should learn new ideas in a context in which they use the
ideas as tools to do mental work that is intrinsically interesting to
them. Such an approach is in conformity with developmental learning
theory influenced by Piaget. Providing concrete, play-like, 'develop-
mental" activities preceding abstraction and practice of skills, is
thought not only to improve children's attitude to learning but to
increase their mastery of skills.

At least four studies have found that classes spending
about 75 percent of the mathematics time on "develop-
mental activities" score h)gher on achievement tests
related to problem solving, computation, and concepts
than those spending 75 percent of their time on drill-
related activities. . . . The children who spent most

of their time working on developmental activities were
better in computation than those spending most of their
time practiciag computation. What are the developmental

activities? . . . discussions of the whys and hows of
the topic of study; pupil reports and explanations of
the approaches that have been developed; pupil and
teacher demonstrations of significant ideas being
studied; small-group and individual handling, inspecting,
analyzing and arranging visual and manipulative materials;
individual or small group exploration to find alternative
means of finding solutions to mathematics exercises;
solving and inventing puzzles and games related to the
topic of study; and engaging in laboratory activities
related to the topic.3

13



The Madison Project rejected the curriculum development approach
that sought to construct "hierarchies" or "continuums" of "skills." In

a conversation with mathematics professors Marilyn Suydam and C. Alan
Riedesel, Davis explained his reasons for doubting that there is one
essential body of knowledge all students should learn, or one optimum
order to learn the parts in:

(I have experience) that people can do what they have
to do when they really want to. Not all university
professors would agree to my view--some would say,
"Well, now, Ige can't teach anything to a kid who
doesn't know thus and such." Personally, i have
yet to find that essential "thus and such," the real
erne qua non . . . except that you do have to be
able to count to get very far in arithmetic. . . .

Zacharias once said, if you'd allow infinite lists
of behavioral objectives, maybe you could do it . . .

(but) very often the most important ones can't be
stated behaviorally. . . .

A lot of math lab objectives are experience objectives.
The (class) should have this many experiences with the
geoboard; now, one student learns area, somebody else
learns the triangular shape, and somebody else just
played with it, 'Jut maybe the next time he'll get
some insight. Now that begins to make some honest

sense.4

Thus the Madison Project placed little emphasis on sequencing lessons

or testing for mastery.

2. CONTENT AND MATERIALS

2.1 Content Focus

Robert B. Davis thinks of Madison math topics as "yeasty" additives

to the arithmetic curriculum, claiming their small injection of newness

can produce big changes in the traditional program. At the start of

the project tin "yeast" was compounded of modern math subject matter--

topics combining aritkracti, cariomat.:c algebra, and coordinate geometry- -
plus the discovery method--the teacher leading the whole class to

develop mathematical ideas from stories, games, and board work. Later

the project added an active- iearnirg or math lab approach, in which

children get their first introduction to mathematical concepts by

experimenting with concretl objects and apparatus. Algebra and geometry

are meant to give the student more various and powerful mental tools

with which to do arithmetic.

14



BEST COPY AVAILABLE

Some who have heard that we must make arithmetic

meeelej;ei cannot understand why children exposed to

the abstract mathematics of the Madison Project take

to it with such evident enthusiasm. The answer may

be quite simple. The children do think more cre-

atively when the ideas are meeee::), but the meanings

do not have to be concrete! If we are careful the

child can enjoy it every bit as much as if it were

more concrete. . . .
A derivation is much. more fun

to fifth graders than a problem on percent markup in

retailing. . . . It is easy and natural for children

to handle abstractions--it is we adults who worry

about taxes and double-entry bookkeeping.5

Davis maintains that Madison subject matter is essentially conserva-

tive because it includes accepted basics such as mc:,asurenGnt jco-tetry

(emphasizing work with coordinates and shapes rather than with theorems

and proofs), or treats newly important areas of mathwatice such as

1(-)gic, probablZLty, and e:;acLst.l.ca.

The Project emphasized ties between math and science; for instance,

it recommended many of the teaching units and apparatus developed by the

Elementary Science Study (published by McGraw-Hill), as well as combina-

tions of nature study and math.

2.2 Content and Organization of the Subdivisions

There is no one Madison curriculum, but rather several different

collections of "informal learning experiences" or lessons. These are

thought of as versatile supplements to be introduced into "nooks and

crannies" of whatever basic arithmetic program the teacher is using.

These collections are available as films of full length lessons, in

packaged inservice training courses, and through school district-

sponsored inservice workshops for teachers. They are:

1. Primary course for preschool through grade 2, emphasi7ing

counting.

2. Course of discovery exercises unifying arithmetic with

algebra, geometry, and physical science, which can be

used between grades 2 and 8. or for older stadents,

depending on tne school.

3. Discovery course above plus active-learning lessons

stressing manipulative materials, small-group work, and

individualized instruction. This grouping of supplementary

lessons became the main thrust of the Madison Project.

4. Ninth grade course for college capable students.
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Following is 3 list of topics which have been developed into the lessons
which comprise the various collections:

Counting experiences with counters and with graphs
Variables
Open sentences and truth sets
Signed numbers (positive and negative numbers, integers)
Coordinate geometry (Cartesian): truth sets and linear graphs
Place value numerals using counters
Using the number line for solving equations, practice with

fractions, concept of identity
Arithmetic with signed numbers
Practicing variables, open sentences, and signed numbers by
means of quadratic equations

Mathematical logic: truth tables and inference schemes,
many-valued logics, two-valued logic

Functions
Mapping or transformations
Matrices
Arithmetic with Dienes multibase arithmetic blocks
Arithmetic with Cuisenaire rods
Geometry with geoboards, mirrors, concrete materials
Measurement: length, height, volume, area
Empirical statistics: average and variance
Measurement and arithmetic from maps and timetables

This list should be thought of as representative rather than all-
encompassing, for the major means of dissemination of Madison "learning
experiences" is the inservice workshop, and no two workshops cover
exactly the same topics. Nor are all Madison-recommended topics the
original work of Madison staff. They recommend units, apparatus, and
exercises developed by other educators and curriculum developers, as well
as ne4 is worked out by students themselves, always giving credit
to the originators. Madison Project content thus includes ideas and
apparatus developed by England's Nuffield Project, the Elementary Science
Study, the School Mathematics Study Group, the University of Illinois
Center for School Mathematics and its Arithmetic Project, Caleb Gattegno,
Zoltan Dienes, Burt Kaufman, Robert Wirtz, and many others.

Madison Project materials compare with other mathematics curricula
about the same way a cookbook compares with a line of TV dinners.
Madison sets forth a distin'Aive approach to teachiry plus selected,
"kitchen tested° recipes but places the responsibility for the finished
"dish" on the teacher. By contrast, other curricula provide lessons
ready-made ,a,d packaged and ask the teacher only to "heat and serve."

If Maui son viterial..1 are like a cookbook, the project itself is
rather like a cooking schuol, intent on the yradual introduction of a
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whole new mathematics cuisine into American schools. At the start the

teacher may learn to prepare and then serve to her students just, one or

two new Madison recipes. As she gains experience she tries out more and

more new recipes, adds them to her basic entrees, and gradually transforms

the mathematics bill of fare. The content of Madison math and the way it

is organized are expected to be different in every class.

Sequencing. A recommended sequencing of the signed numbers, algebra,
and Cartesian geometry topics is found in InsePvce Cortre--3 r and in

Ois,.over in Mathulln and Explorations Withematica, the teacher

texts written by Davis. All Madison teaching--of teachers as well as
of children--is characterized by spiral sequencing of topics, which
Davis calls "the light touch."

A subject is not pursued too heavily within a single
session, but reci.rs from time to time and in various
guises, until it becomes familiar. . . . Thus we get

a sequence: very rough ideas, rough ideas, moderately
refined ideas, more minutely detailed ideas. . . . We

advocate a sequence wherein the child first gets experi-
ence, then (as a result) develops intuitive ideas, and

finally strives for explicit words and symbols to de-
scribe his experience.6

This sequence is ordinarily spread over several encounters with a
topic such as Cartesian coordinates. The teacher first chooses a topic

that is in keeping with the basic arithmetic text and the students'
abilities and interests. Having introduced it in an opening learning

experience, she will return to it from time to time and introduce new
activities which review and extend the topic. Or she may decide to put

a topic aside for a time, finding that children don't grasp the concept.

Davis assumes that any good teacher will learn how to seauence.
This won't be perfect but it will be no worse, Davis believes, than the
mistakes that are made when tightly structured, graded textbooks are

applied across the board.

2.3 Materials Provided

Student. All of the Madison Project materials are designed for
the teiair to adapt to the needs of students. Robert Davis' Shoebox

Kits are a set of six different apparatus and games, each with task
cards which the teacher can use to make work projects for individual
students or small groups. The apparatus are disks, geoboards, centi-
meter blocks, weights and springs, the peg game, and the tower puzzle.
Don Cohen's Math.; Wnzlab is a starter set of manipulative materials for
a teacher at the intermediate grade level. It can furnish a variety
of math projects for individuals or small groups and also serve as a
model of materials the teacher should gather or make in quantity.
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Following are some of the things the 41in.ab contains: beans, clay,

rubber bands, Cuisenaire rods, color cubes, base-3 blocks, geoboard,
plastic mirror, ruler, tape measure, pattern for a homemade slide rule,
compass, protractor, map, map measurer, railroad timetable. This kit

also provides task cards, stating open-ended problems for students,
and a guide for teachers, which cues the task cards and the apparatus

to math topics in the basic curriculum.

Addison-Wesley's Discovery and Fxplorations Student Discussion
Guides, accompanying the teacher texts mentioned above, are designed
to be used during whole-class or small-group lessons led by the teacher.
These books contain discussions, stories, games, and exercises on topics
interrelating arithmetic, algebra, and geometry. The student pages are

reproduced in the teacher texts.

Teacher. The Discovery and Explorations books and Cohen's Inquiry
in .4athematics Via the Geo-board (Walker, New York, 1967) are Madison

Project textbooks for teachers. However, inservice workshops sponsored
by school districts, colleges, and /o;' the National Science Foundation

have been the major means for spreading Madison Project curriculum inno-

vations. Such workshops are taught by teachers who have used Madison

methods.

In the absence of experienced Madison Project teachers to lead

workshops, there are available 2 kinds of filmed inservice courses.
The first is Houghton-Mifflin's The Madison Project Films, a 12-film

series subtitled "A Concrete Approach to Introductory Ideas in

Mathematics." These 16mm black and white films, lasting from 5 to

15 minutes each, show classroom teaching in primary grades, in which

washers, beansticks, number lines, geoboards and other simple manipula-

tive objects are used to convey concepts in place value, addition, sub-

traction, multiplication, division, fractions, and arm. The teacher's

handbook accompanying the film series provides Robert Davis' commentary

on the Madison Project approach in general and the filmed lessons in

particular.

Another packaged, film-based inservice course on the Madison Project

is that produced by the project staff: Supplementary Modern Mathematics.

It is also a series of 16mm black and white films showing classroom

lessons, with a teacher's workbook providing commentary on the lessons
shown, plus discussions and exercises for the teachers themselves. The

topics developed in this film series are in algebra, Cartesian geometry,
signed numbers, and fractions. A group of as many as 30 teachers can

manage this course by itself with the help of a discussion leader who

has participated in a Madison Project workshop. The course requires

from 10 to 15 1 or 2-hour sessions. There is also an advanced

course, ,"lipplementary Modern Mathematics II. They are available from

the Curriculum Laboratory, University of Illinois.
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These packaged courses should be used only by teachers who accept

the Madison Project's basic approach of informal, discovery-style

teaching, and who will invest effort to teach themselves.

The films which are used in the inservice courses are excerpts from

the videotapes of more than 60 complete classroom lessons made by the Madison

Project in the early 1960's. The uncut films also are available from

the Curriculum Laboratory at Illinois. Many of these lessons arc also

available as tape recordings.

2.4 Materials Not Provided

The teacher is responsible for gathering the concrete objects,

counters, and math apparatus she will need. As mentioned above, the

1athe :1inflah kit provides a model of what to gather for intermediate

grades. Besides duplicating what's in the kit (if she watts to use

activities for many students or a whole class at once), tne teacher

must add graph paper, construction paper, timers, toothpicks, milk

cartons, a math balance, beans, dice, games, and much, much more.

Children need to experience a richness of things, not only to

use in their work, but also to help them learn to sort out that which

is pertinent from the mass, Cohen says. He urges teachers to furnish

their classrooms with interesting and provocative "junk," and to

welcome children's additions of whatever they find fascinating. (But

not to treat it as junk; rather to store it in an orderly way so that

it is attractive and accessible to students.) Such materials should

be varied in composition, surface, finish, color, thickness, so that

they raise questions "of observation, of structure, and of feel."

These are not immediately mathematicat questions,

but if children are to be able to :see the math -fn

their activitIes, the patiern and order which are

:Aptic:t, they need the experience of "seeing through

the noise," (that is, the diversity and the distrac-

tions) to the immediate problem at hand. Something

which is all metal or all wood . . . paper cutouts

which are all one color or all one texture . . .

tend to restrict a child's observations to a narrow

field.?

3. CLASSROOM ACTION

3.1 Teaching - Learning Strateg2:

"Do and then discuss" is a nutshell definition of the Madison

Project theory of instruction. Project staff belieee traditional

teaching is too verbal. It makes it.,24k (About math a focus of attention,

whereas the project puts the emphasis on "doing something active that

embodies the relevant mathematics."
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In tht eyes of some teachers we do not present
"lessons." What we do instead is to suggest to the
children one or more mathematical tasks, and then
work with them, unobtrusively, as they devise their
own methods for tackling the tasks. (We begin with
tasks rather than with definitions because) we try to
have the students learn concepts in context. Every

mathematical concept or technique was developed to
aid in attacking some kind of problem. When we tear

the concept out of this discussion and attempt to

state it Z.. we render tne concept unintel-

ligible. . . . The concept unfolds naturally (if

we help the student investigate) the nature of the

task.

We try to see that the mathematical tasks possess
intrinsic motivation: the task itself cries out to

be done. Examples might Lie finding a key word in a

crossword puzzle or finding a lung- sought piece in a

jigsaw puzzle. We make very little use of extrinsic

rewards indeed, some research appears to indicate
that extrinsic rewards can stand in the way of genuine

creativity.

Passive roles, such as listening to a lecture or reading
exposition, are usually avoided. The "active role,"

however, may refer to mental activity as well as to

physical activity. The child who leaves class with a
look of puzzled involvement is playing an active role
quite as much as the student who is making a measure-

ment wiLh a meter stick.3

A characteristic Madison technique is to get students' participation

by asking them to make up the problems. Students name the amounts on

the checks and bills in Postman Stories and the prices of the pets in

Petshop Stories, both of which are used to teach signed numbers. They

specify the numbers in the ordered pairs they plot on graphs.

The Madison Project is u Foremost advocate of discovery learning.

Here is what it means to the oroject staff:

In every lesson we try to have opportunities for
discovery lurking just beneath the surface . . .

sometimes an essential part of the lesson but often

going beyond (it). The point here is to get the

children in the habit of "looking for patterns"
whenever they are working in science or mathematics;

the discovery of such patterns is, after all, the

main device by which science moves forward.
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We try to avoid an authoritarian atmosphere . . .

(and) provide pvoedures,
whereby a student can distinjuish true statements

from false statements f,,1!)1406,3 tht.:

tea,fhef 'J For the very young child,

the process of counting often serves. Is it true

that 3 + 4 = 7? If the child can count reliably . . .

he can settle for himself the truth or falsity of

the statement.9

Discovery learning depends on the self-confidence that such self-deciding

procedures engender in children; it is impeded by children's fear cif

failure.

Whenever possible, withhold value judgments. Students

become conservative if they feel they are being judged;

they become more creative when they feel they are

being appreciated.10

. . . What is important is the creative originality of

(children's) own thinking in relation to their own

experience. We have witnessed many original mathematical

inventions or creations by children . . . The main

factor was that the teachers reepected the children,

that they believ,:Y1 in t2te che:ld's ability to think fir

. . .11

The project does not gloss over the difficulties of assuring that

children learn in a nondirective classroom. It acknowledges the danger

that math activities can be done just for activity's sake, with littic

or no math arising out of then.

If we leave the children too much on their own, we

may be failing our responsibility. The class may

drift aimlessly, or the children may learn far less

than they might have learned. Yet if we steer too

much, the children lose initiative. . . . There

probably is no general answer which applies to all

teachers and all classes at all times. What we can

do is to try to observe ourselves and see which error

we make more often--a llowirg too much drifting or.

imposing too much adult interference. We ran avoid

too much teacher talk and too little child respo,e. .

. . We can also remember (that) children cannot

choose to do something they have never even heard

about. We must acquaint them with many attractive

alternatives if they are to exercise any right of

selection.
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The Madison Project materials should not be identified
with either the "drill it into 'em" point of view, or
with its apparent negation, the "wait until tney are
older and ready for harsh abstraction" point of view.12

Whether or not developers' scripts for discovery learning ever get
played out in the classroom depends almost entirely on the teacher;
first, how she sees her role vi's a :115 the students, and then how well
she learns to play it. Students will not play their parts as explorers

and discoverers if their teacher is being a Rule Giver and Answer
.Certifier, nor if she is simple a buddy saying "do your own thing." The
discovery-style teacher must be a keen observer, a supportive and stimu-
lating leader with lots of ideas, and an authoritative resource.

Lesson format. A pattern offered by the Madison Project to teachers
to help them develop their discovery technique goes like this:

1. First begin (if necessary) by recalling those key
words, experiences, notations, etc., from previous
lessons that will be crucial in today's lesson.

2. Second, do something. Have the children actually
carry out some activity or happening.

3. Thirdly, as the occasion arises, and as it becomes
appropriate, discuss what the class has just done.

Avoid asking children to discuss things they have never
done. . . . A definition is more nearly the place to

end up rather than the place to start.

The project would not begin an elementary school class
on the idea of functions with a definition of "function."
It would, and does, begin with Warwick Sawyer's procedure
of haviig some children make up a rule (such as "whatever
number yuu tell me, I'll double it and add seven"), which
is kept secret but used (to work out a table) such as:

!

3 13

4 i 15

5 I 17

10 27

The children who don't know the secret use the table to
attempt to guess the rule and even to write an algebraic

formula to express it, such as: (10x 2) + 7 = x.13
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Teachers attempting discovery for the first time may rely mainly on

the playful but educational qualities of good manipulative materials,

rather than trying algebraic games like the one discussed above. But

Donald Cohen cautions, "Materials alone will never create for children

a situation which is rich for learning." The teacher must provide

equally important ingredients for discovery:

There must exist a certain amount of order: a place

to keep materials, a notebook for recording results,

a time for clean-up, a limited noise level, a sharing

of responsibility, and an awareness (of what each

child is learning from each day's task). The whole

class or part of it s;tould come together for discus-

sions, for lectures, for excursions, and for reporting

to each other; but much of the work should be independent

and should be performed individually or in small teams.

Eventually a collection of well developed and illustrated

writings (related to the working experience) should be

the joint product of small groups or of whole groups.14

3.2 Typical Lessons

The Pebbles in the Bag game is a way of introducing the idea of

signed numbers as early as first or second grade or possibly as late

as junior high. The following description of the way to play the game

and what it's supposed to teach is adapted from the project's Inservice

Training Course r, which is designed to be self-taught by a group of

teachers using instructional notebooks keyed to a series of films which

show the topics being taught in a classroom:

We have a bag containing a large number of pebbles.

We do not know how many pebbles are in the bag at the

outset. We never use this number. (This is not a

counting problem.) We have a large number of pebbles

not in the bag. We begin the game by having some

child say "Go!" This estab1:4hes our arbitrary reference

point. We have another child put as many stones as he

likes into the bag, and we write the number on the

blackboard: let's say it's tour. We say, "Are there

mope. stones in the bag than there were when Jack said

'Go,' or are there less? . . . How many more?" Another

child takes two stones out of the ba:1 and we write

that number on the board. We now have on the board:

4 - 2. "Are there more stones in the bag now than when

Jack said 'Go,' or less?" "How many less? How do we

write this?" We new have on the board: 4 - 2 = +2.

"How do we Peal this?" "Positive two" is written with

a small plus sign written above the middle of the line

so that we will not confuse it with the sign for

addition. ("Negative three" would be written similarly,

as -3. It avoids confusion if we use two different
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symbols and two different words-to express two different
mathematical concepts.) . . . Continue the game with
a different student choosing either to put pebbles in
the bag or take some out, specifying how many. Keep a

record on the board of each transaction with pebbles
and have the class say whether it results in more or
less total pebbles--expressed as "positive" or " negative"
numbers. When a new student says "go" this is a new
arbitrary reference point and the start of a new game.

The topic of signed numbers is extremely important as
one gets into work in algebra and science, and can even
be important for work in arithmetic. There are many

possible tie-ins with other school work; for example,
teliperltures below zero are essentially expressed as

negative numbers . . .15

This learning experience is ordinarily followed by drawing pictures
of or constructing real number line, always extending in both directions
from a point children choose as zero. Then can come introduction of
crossed number !:neo--one horizontal and one vertical--and children naming
ordcred pairs of numbers (for instance, "3, 2") to describe points on a
graph between the crossed number lines.

The number line gives us a valuable way to picture
numbers. From another point of view, it lets us use
numbers to describe points on a line.

By crossing two number lines, we can use an ordered pair
of numbers to describe points in the plane. This invalu-
able device was first thought of by Rene Descartes (1596-
1650) and is the foundation of much modern work in mathemat-
ics (what is variously called "Cartesian geometry," or
"analytic geometry," or "coordinate geometry").

The point on this graph is calleo (3, 2). The first
number in the pair refers to the horizontal number line.
The secund number refers to the vertical.
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We count from the heavy lines (known as "axes"), and we
count "city blocks" rather than "intersections."16

These topics, which interweave with each other, also combine with
previous learning experiences about open twntences, variables and truth
oeta to make another topic, graphs for truth cots, or linear equarion.

The aim of these experiences is to give students opportunities to

discover patterns in number relationships. Of course, teachers have to

see these patterns for themselves before they can teach them.

Another typical Madison learning experience uses the timetable of

any railroad. This activity is taken from task caHs in Donald Cohen's

r'latha Minilab.

Find the dl,tance between two big cities. Check the

scheduled running time and see if you can figure out

the train's average speed on that run. Try it for

another two cities.

Find the fares between two big cities. How much does

it cost per mile to go by train? Is the cost per mile

the same between two other cities? 17

3.3 Evaluation of Students

The Madison Project recognizes that if a school requires a teacher

to guarantee that every child in class shall pass some quite specific

examination, the teacher probably will resort to rote teaching. ("Don't

think; just do it .-Jsactly like this . . .") Tests thus are seen as "a

dangerously narrow goal" which the teacher has to approach by a "danger-

ously narrow path." If the teacher must test, then any standard instru-

ment will do for arithmetic, the project director, Robert Davis says.

What is tested in this way should be truly a "basic minimal core," not

including long division. When yuu jet into "the breadth that converts

arithmetic into mathematics," you need to evaluate by observing students'

classroom activity and their graphing and written reports of experiments

and experiences, Davis says.

The Madison topics in algebra, coordinate geometry, functions, and

the rest, could be evaluated by using exercises from the Discovery and

Explbrationg teacher texts, which contain answers. Inservice courses

also contain exercises and answers on these topics.

How could you use pieces of string on a number line

drawn on the blvkboard, to indicate addition (for

example, 2 3 = 5)? How could you use the string

to locate 1/2? 1/3? 1/4? 2-1/2?
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Using only integers, can you locate five points on
the graph for the truth set of the open sentence
(1 xD) + 3 =A?

Do the formulas (12+ 2) x 3 =41 and 3 xi?) + 6 =41
represent the same function, or not?18

Diagnostic instruments. Present-day tests aiming to measure
achievement are far from the Madison Project concept of education, which
is influenced by Piaget's work on the stages of children's cognitive

growth. The project worked with Cornell's Center for Research in
Education to devise instruments for assessing the child's cognitive
processes rather than his mastery of content. They developed an unstruc-
tured classroom interview between a mathematician or teacher and a child,
similar to the Piagetian clinical interviews. (In England tne Nuffield
Project also has developed a Piagetiar interview for diagnosing pupils'
learning stages rather than for measuring achievement.) The interviewer
engages the child in arithmetic problems or activities, and the two talk

informally about the work. Inteiviews so far have been with children
who are having specific problems, and typically the interview starts
with a topic the student knows and hes confidence in and proceeds to a
skill he can do only by rote, or which he fails to do. The interviewer
noncommittally observes the work the child is doing until the student

himself becomes aware of a mistake or doesn't know how to go further.
Only then does the interviewer point out the child's misunderstanding
and gives a hint as to the correct approach. In this way the interview

serves to pinpoint the child's difficulties and also to teach him at
the precise time when he is aware of his problem.

Several such interviews have been videotaped in order to provide
accurate observations which can be referred to over and over again. These

have brought to light unsuspected holes in students' mathematical thinking.

While standard protocols for conducting interviews have not been developed,

the videotapes show techniques an experienced teacher could adapt. A

paper by Robert Davis and Rhonda Greenstein is an example of the diagnosis-

plus-teaching that car, be done. Ceinnifer," New York Stcze Mathematics

Tc(Icra Joze,n.-11, 18 L3], June, 1969. )

The videotapes also reveal that children's .knowledge of mathematics

is "extraordinarily cemplex and often much different from what we supposed,"

writes Herbert Giesburg of the Cornell center. The "startling contradic-

tions, unsuspected strengths and weaInesses" which have shown up on video-

tape help to explain why standardized individualized instruction curricula

do not yet work as well as expected, Ginsburg claims. "Standard tests

focus merely on the child's ability to come up with correct answers."19

Correct answers have never been the goal of the Madison Project. "A

correct answer doesn't prove the student understands the algorithm he has

performed; a mistake doesn't tell why he made it," says Ezra Heitowit, a
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mathematician who conducted several videutape interviews. "To see what

children do on paper is not enough. It doesn't tell what they're thinking"

Further discussion of theie elinical ini,erviees is eacented in Ginsbure's

The Myt:h .Appive,,? (Prentice-HaD, le72), and in Stanley

Erlwanger's article, "Benny's conception o' Rules and Answers in IPI

Mathematics" in lee Journcl er celie!eee'e Beday.io.?, for November

1973.

A. IMPLEMENTATION: REQUIREMENie AND COSTS

4.1 School Facilities and Arrangements

The Madison Project approch and materiala are particularly suited

to nongraded schools and ro departmentalized Leeching in which there are

math specialiat teachers, but they are usable also in traditionally

graded schools with one teacher to each class. Semo Madisoe teachers

like the idea of a separate room in the school to be designed as a

mathematics environment eed presided over by a meta specialist teaeher,

but others say that activeleernine materials icr math should be in an

activity area in the classroom itself so thA all subjects are inter-

related and children can move according to their own interests from one

kind of schoolwork to eeether. The project recommends Edith Biggs' and

James MacLean's book ,eee.eeee to (Addison-Wesley, 1969) for its

illustrations and instructions on hew to furnish and arrange an active -

learning classroom. The math center should be a place where students

can work with apparatus and real materials including messy things like

sand and water--and eeere they can move around and talk with one another.

It must be equipped with ample, versatile storage equipment.

4.2 Student Prerequisites

At the primary level tee only prerequisite For starting to learn

some Madison topics is the ability to count. This is true also for

intermediate-level children in classes where the whole class works together

under the direct supervision of the teacher. However, intermediate-level

children who aro set to leork on their own in air individualized math lab

approach must have reading ebility le serdfe to follow the "task cards"

which take the place of tee te,;ener telline them what to do. reeyond

reading ability, they must heve reasoning agility )nd a well-developed

concept of sequence, which enables them to Follow standardized directions.

4.3 Teacher Prerequisites

There are tqo qualities a teecher must have or get before she can

use Madison topics and teaching approaeh, .f he first is understanding

of the mathematics behind the toaica and oeLivities, and the second is

a disposition to be informal. impovisatioea1, and ''open" in her elation-

ship with students. Madisen direator eobert Davis enece!ves of the
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teacher as an artist with a personal, unique vision and discipline,
rather than as a technician who implements someone t.lsl's plan. Davis

makes a distinction between what he calls "ought" puoole and "growth"
people--his own kind.

From the "ought" people you get the feeling that an
abstract ideal exists, and they are primarily concerned
that things must be much more orderly and right . . .

By contrast, the "growth" people think of a child . . .

building cognitive structures in his mind from quite
personal interpretations of his unique . . . experi-

ences, and seeking out and fitting in new information . . .

I'm not arguing for the truth of my assumptions. I

just think people ought to identify their assumptions.
I'm not going to be able to say, "How go practice multi-
plication tables." Every time I say that to kids they

don't do it. But there are teachers who go on the
assumption that kids do exactly what they're told, and
those teachers seem able to make their approach work.20

Such teachers are unlikely to be able to make Madison's approach work.

But "growth" people won't be able to make Madison work either unless

they (a) know the math, (b) can select appropriate learning activities
and sequence them into their school's curriculum, and (c) have mastered

some techniques of discovery teaching and individualizing instruction.
The Madison Project no longer focuses exclusively on the "discovery
dialogues" which were its hallmark in its early years, but these are

still an important component of the program. Whether these teacher-

and-students discussions and games on abstract topics are conducted with

the whole class or in small groups, a special assortment of talents is

required in the teacher. This is a combination of mathematical know-

ledge that is deeper than just the surface of the lesson, plus a percep-

tion of how children are thinking, that may be intuitive in some teachers

and the product of long or highly concentrated experience in others.
Some observers believe that the abstract lessons, especially the advanced

ones, should be taught by math specialist teachers. Harrison Geiselmann,

professor of mathematics and education at Cornell University, believes
"it takes quite a talented teacher with knowledge of math so that he

knows what lines to pursue, what not to pursue; what will be fruitful

with students, and what won't be." However, many teachers without
specialized background in mathematics learn to do Madison's basic courses

of abstract lessons well. Lee DeBarros, a Walnut Creek, California
teacher, who has taught as a math specialist, says nonspecialist teachers

can teach abstract math in the discovery style but it requires fore-

thought, concentration, and a flair for improvisation:
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The nice tning about d:scovery is it's logical. It's

just a natter wooderi:v4 with stndent.r, about the

consequences of ceyn assumptions. You start

where the children ar You have to think hard; it's

hard to do that. And iL is herd to encompass d

class of 30 !cid:. I Found that, working with a

whole class at once, some kids were iwiisible. vou

have to he some kind of virtuoso to Lring everyone

into the discussion.

Finding out that ti;-! Madison abstract rIxer%iscs were not every

teacher's and student's cup of tea resulted it the project's broadening

its topic coverage and it; teaching sqle to include "c lath workshop"

lessons and small-group or iodividual ojtxts. This kiud of teaching

also assumes teachers of intelligenu., who stave at least a beginning

grasp of the mathel.:laics beyond computatior, some understanding of how

to individualize, and firm ',et of math goals to work toward. This

is a large assumption, as attested by se.rerai obsorvers of the active-

learning moveffiont.

Barry Barnes, an rly chiidhood speciolis,: at the Far

West Laboratory, sdirs:

A basic problem t
:ethers' lack of confidence.

Unlike organic Ydaing, which teachers are willing

to try because tnE.y ff:el pretty confident about

their skill 7, in tcichiT7 re3ding, tho math activity

center :,,lakes achers excet:lipOy 1_4i :comfortable

because they os nct coif 4dent about ti.,oir own math

ability. The.,' must have Tiore structure for their

teaching in math than they need in reading.

Lois Knowles, prote!s,,or of education at the University of Missouri,

told the National Counc!' of hers of ai:heinatics convention in

April 1971:

I have yet to (in 6assrooms) much progress in

planning acciihr:. .childron's level of

deve:4I2nt. finl teacnrl, taking bits

and pieces r.J. ,70tLei what childr,m zi.re

ready for. Tcach#s :!rtx't really listenng to

child(1:n. Childrei drilt, have a !':ilonce to tell us

what they kno.,4 anc: don' knovi.

And d. Fred Weavr of the Univer:Hty of Wisconsin warns that arperi-

ence ,nd ar9 becoming 'hibbolethsr:

The crucial fact:,ir ass:Iciated with experience and

activity t , 1ad2rship is
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required to generate a hodgepoage of "interesting"
diverse experiences and activities whose intents
and purposes are ill-defined . . . But strong
leadership is needed to suggest promising activities
and experiences that are appropriate for the
attainment of particular mathematical goals. . .

Support from administrators. A school administration could not
realistically expect teachers on their own to provide this leadership.
Thus a change to active-learning mathematics requires an administrative

commitment to substantial inservice training for teachers, writes Lola
May, the math consultant and writer:

Mathematics can no longer be taught by a "show-and-tell"
artist who is nothing more than a textbook wired for
sound. . . . (Teachers) need first-hand experience,
and this means (they) must work with the materials and
learn the same way the students learn. Someone has to
demonstrate how to direct learners and how to ask open-
ended questions . . . School systems must provide this
type of inservice training, and schools of education
must incorporate this type of learning in their methods
classes.

Methods of evaluation must also be changed. Little
questions with little answers are no longer enough.
Teachers have to learn to evaluate . . . what a
learner says and does (rather than test scores.
This) requires a change of thinking on the part of
teachers and administrators. Then it must be sold
to parents. . . .22

Inservice training.. The major effort of the Madison Project now is
to heTFs-Ehool districts retrain teachers. The typical method of Madison
inservice training is a summer workshop of from two to four weeks, with
college credit, sponsored by the National Science Foundation. Teaching
is by former Madison Project staff and classroom teachers who have been
through previous Madison workshops. The workshops have two focuses:
(a) starting "math-illiterate" teachers to learn some abstract algebra,
Cartesian geometry, functions, negative numbers, and the like--by means
of the same lessons and games that Madison designed to teach children;
and (b) introducing informal, "math lab" or active-learning methods by
having teachers work with manipulative materials. A summer workshop may
be followed by regular after-school or Saturday morning meetings in the
ensuing year or by a Madison consultant visiting each teacher partici-
pant's classroom from time to time. Teachers who participate in Madison
workshops are expected to pass on the new ideas to their colleagues.
The most successful ones are invited to teach subsequent Madison work-
shons.
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From 1967 to 1972 the California State Department of Education

.provided two-week summer workshops for elementary teachers as part of

the statewide "Miller math program to improve mathematics instruction.

These.workshops stressed work pith manipulative materials and provided

each participant with $100 worth of materials to take back to his school.

They were based on Madison Project workshops developed by the project

and the school districts of Chicago, St. Lcuis, Philadelphia, New York,

San Diego, and Los Angeles. The Miller math workshops were taught by

teachers rather than by college professors

When the state-supported program ended, a nonprofit group, Center

for the Improvement of Mathematics Education (LIME), was formed to provide

Madison-style summer workshops in several California cities. C1ME's

address is P.U. Box 81594, San Diego, Ca. 92138.

The Madison math lab style also survives in that part of the new

teachers' center movement which emphasizes inservice courses taught by

classroom teachers, promoting ective-learning methods and materiels, and

developmental learning theory.

Other forms of inservice training made available by the Madison

Project are its films of classroom lessons and its packaged inserviee

training courses, described in Chapter 2.

4.4 Back round and Trainiuof Other Classroom Personnel

Many American teachers pith experience in active-learning mathematics

are convinced that the teacher with 25 or more students needs extra adults

in the classroom in order to manage this approach. This is particularly

so when students lack readioo proficiency, or need a lot of teacher

control. If nonmathematically-inclined students are to learn from

activities instead of from memorization and drill, they must be closely'

observed to make sure that they follow oirectioos, understand the math-

ematical meaning of their experiences; and translate understandings into

skills. Volunteers or paraprofessionals ass*:sting the teacher in math-

ematics should understand what the activity is eupoosed to teach, have

confidence in the discovery/active-learning approach, and have patience

with students.
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4.6 Demonstration Sites

Professor Davis' office 0..c University of Illinois Curriculum Labora-
tory can suggest particular teachers or schools in all parts of the country
which demonstrate use of Madison topics and/or an informal, active-learning

style. In California the Center for the Improvement of Mathematicc, Educa-
tion can recommend classrooms of teachers from all over the state who have

taken part in summer workshops, a T. Madison active-learning math. Write

Leonard M. Warren, director, CEME, P.O. Box 81594, San Diego, Ca. 92138.

5. PROGRAM DEVELOPMENT AND EVALUATION

5.1 program Development

The Madison Project began as university professors' experiments in
elementary classroom teaching and gradually joined the nationwide thrust
for math teaching that is at once more mathematical and more childlike.
Madison's modern topics and its naturalistic approach do not represent
a steady refinement of one technique but a blend of experiences with

many. Its history was one of creating materials and methods, combining
outside ideas with their own, sharing their own ideas with others, and

giving up or changing things that didn't work or didn't transfer well to

new situations. Thus the present shape of Madison math is different

from the first outline.

Leonard Warren, director of California's Specialized Teacher Project
(the so-called "Miller math" inservice workshops) which grew out of
Madison Project training in San Diego and Los Angeles, comments on the

major change in the project:

Original Madison math tias essentially dialogue between
teacher and students by someone fairly sophisticated in

math. Davis came to believe that this is not something

the average teacher can do. You need a richer background

in math to continue to ask provocative questions that

make discovery go.

The project's eialuation studies and experience with inservice

training showed that students need physical as well as abstract experi-

ence.

In the summer of 1964 a class of supposedly culturally
deprived children in Chicago, who were in fact very
bright, were assembled from grades 4, 5, and 6 and
combined into a single class to serve as a demonstra-

tion class, via closed-circuit T.V., for the inservice
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workshops in Chicago (which were held summers and
Saturdays for two years). Morale was beginning to
wear thin. . . . The teacher had been standing at
the chalkboard and often dominating class discussions.
He now broke the class up into groups of three or
four children each, seated around tables, using
physical materials much of the time, with each group
working independently of the others. Morale improved
dramatically.

(The children) taught the project that the teacher
should not stand and thereby dominate the room, but
rather sit and work with students as equals; that
the teacher should only occasionally address the
entire class, but usually talk privately with two
or three children at a time; that children should
sit at tables in groups of three or four, working
together, but not necessarily on the same tasks
as other groups; and that much of wP t the children
do should involve the manipulation of physical
objects more mathematically suggestive than a pen
or pencil or a piece of chalk.Z3

The project began in November 1956 in an "underachieving" seventh
grade at the Madison School in a low-income neighborhood of Syracuse,
New York, under Office of Education sponsorship. It gained classroom
experience in middle-class and in privileged ¶uburban schools, and
tested the new lessons it had devised on teachers in "inner city"
schools in St. Louis, Chicago, New York, and Philadelphia.

The project never intended to create 4 comprehensive curriculum
because it lacked the resources to innovate the entire elementary math-
ematics program. "Rather than carry over much unsuitable material into
a 'new program'," Davis wrote, "the project approached the curriculum
as one might approach urban renewal. Most of the city was left untouched.
Only in spots, where it was possible to make definite improvements, was
the curriculum tampered with . . ."24

The first step in creating a new lesson was to identify a mathematical
concept, such as variable, as being of high priority.

In working with children in the classroom, specialist
teachers try alternative methods of letting children
work with variables--seeking always proceese8. In
the course of doing this, other topics will appear
which turn out to be intertwined with the classroom
work on the original topic--for instance, open
sentences, truth set, number line. The topic is
retained only if suitable experiences for children
can be devised . . .25
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More than 100 specialist ?c=iphers were involved in creating the
original Madison topics, teaoninq teem in saverel different classrooms,
and then giving them to a differeet teache te try out. The project
assembled its successful lessens into four' distinct supplementary courses,
available not as texts for students but as of lessons for teachers.

The Office of Education supported an implementation phase ;1961-67)
to spread tese new lessons by means of blg inservice treining workshops
like those the project had designed ith the school districts of St.
Louis and Chicago. Two paekaged, self-administered inservice courses
were written. They used excerpts frem the films of classroom lessons.

During this time,the project's *association with Syracuse and with
Webster College, Missouri. preaucog nee preservice courses in mathematics.
Le to the present, the project eentinues to focus on re-education of
teachers with National Science Foundation support. Since Robert Davis'
move to the University of illineis, wLere he is director of the Curriculm
Laboratory (1210 W. Springfield, iJrleara, Ill. 61801)*, continuieg Madison

activities are centered there. The Leboratery's PLATO pooject for com-
peter-assisted instruction in matrematies has translated a rumber of
Madison topics in graphing to PLATO. Thus they are available to teachers

and students who have access to conruter terminals in the PLATO system.

5.2 Developer's kaluation

The Madison Project did not measure itself against standards of
traditional mathematics programs because it views its own work as "more
than new routes to old goals." its vrk is to put forth examples of

new goals.

The project has sought to produce certain actual
changes in schools, but it has not) sought to prove

that these change were desirable . . . These are
things that you do, and then allow people to view
them, and to build upee tnem, and to form their own

judgisents.2b

The project considers tre6itionel testing weasures to be antithetical

to its goals cecause they toKe ;06 nerrew a view of methematics and

because new iele:erisls lessoes ere taught so difieeently in different

schools. Comparing Madisoe lessons Ate other curricula was never
attempted; first because Madison mater!als are supplementary, but more
importantly because in the field of !f1.20 educstion there is no commonly
agreed-upon body of goals and Davis claims, the "relatively trivial"

you which nave been set down get C6 be overemphasized. All of this

is not to say that measerements of project performance should never

be made, Davis added, bet raehe thai7. "one should balance the estimated

gain in information against the orebehle costs.'
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With those cautions in mind the Madison Project undertook a variety
of tests of its own work:

(These consist of) careful obser,:ation by mathema-

ticians, teachers, administrators and clinical
psychologists; "viability" testing in the hands of
a variety if teachers of varying qualifications, and
with a wide variety of students; confirmation of
appropriateness through viewing of films by relevant
panels of professionals; tape-recording lessons by a
variety of teachers and allowing 3 panel to study
these recordings; following the same students for
up to five years in the program in ordc.' to observe
cumulative effects; and tape-recorded interviews of
students conducted by a clinical psychologist.27

The most formal study of effects of Madison Project teaching was
conducted in 1965 (before the movement toward active learning with
physical materials) by J. Robert Cleary of Educational Testing Service.
He matched three seventh grade classes in three different upper-middle-
class communities. Two of the classes had had Madison Project instruc-
tion for several years. He chose 45 items of the new mathematics test
of the Stanford Achievement High School Test Battery, to see "how
Madison Project students operated on fairly difficult materials of
both traditional and more contemporary content but with the more tradi-

tional notation." He hypothesized that the Madison Project seventh
grade students "would perform as well as a sample of ninth grade students
taking some variety of modern math in similar schools." This hypothesis
was proved. Cleary also reported that the students out-performed the
non-Madison class in "all items dealing with algebraic knowleuge, graphic
interpretation of functions linear and nonlinear, and other mathematical
topics," while the non-Madison students equalled or surpassed the Madison
groups only in arithmetic items or "items requiring formula substitution
skill."28

A less formal study was conducted to investigate the use of Madison
lessons by many different teachers. Their lessons were tape recorded and
a copy of each tape was sent to a panel of 60 mathematicians, teachers, and
psychologists, who were not told in advance what to observe but focussed
or whatever they chose. Each panelist prepared a report on each lesson,
and these analyse:- were studied by the project. The most significeat
result of this study was the indication that Madison Project materials
are more successful in the hands of "child-centered" teachers than when
taught by teachers concerned with "the way things ought.to be" (one
teacher-panelist referred to lessons by such teachers as "more orders
from the Giant People!"). However, Davis adds, there is evidence that
"rather rigid, compulsive teachers, if they can relax somewhat, can teach
project materiels very we'l indeed, especially with children who tend to
misbehave."29
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A third study consisted of a clinical psychologist's interviews
with individual sixth and seventh grade children, in an attempt to find
out why children in these grades in all kinds of schools seem to perform
less well than they 'ead in earlier grades. Children were not aware that
the study was concerned with mathematics. The psychologist studied tape
recordings of the interviews and reported his findings.

The most striking result, which emerged rather clearly,
was that the children liked those subjects which involved
physical activity and opportunities to talk to other
children, and dislik.d those subjects which involved
sitting still, and offered no opportunitiee to
talk with friends. . . . The chldren were quite.
articulate and quite explicit. They disparaged subjects
where "all you do is sit and read and write." They

liked orchestra, chorus, physical education, laboratory
work, and art work; they disliked Latin, modern lan-
guages, social studies, English, and mathematics.

Perhaps the most important fact is that the data
collected in the Herbert Barrett study d.f.d, indeed,

form the basis for a decision which has been imple-
mented: the project moved further away from an
exclusively paper-and-pencil approach and has come

to make extensive use of physical materials and
"mathematics laooratories" at all grade levels, K-9,
and also in coi,Zege courece f9r proepective teache:o.3.30

The project cites its collection of films of actual classroom
teaching as descriptive evaluation. The lessons recorded in this way

are "fully worked out," not just directions and exercises in a text.

The teacher can see first-hand how the Madison topics work and make
her own evaluation of their effectiveness with herself as teacher.

The project cites its experience in "inner city" schools, starting
with St. Louis' Benieker district, to prove that Madison Materials
are "every bit as viable" with poor, nonwhite children as with suburban,

economically privileged children, provided thee t6,,,,chers have inservice

training. Other big districts in which the National Science Foundation
sponsored Madison teaching training workshops are New York, Philadelphia,
Los Angeles, and San Diego.

Chicago's NSF-sponsored training project in 1964-66 was the prototype

for the others, and is cited by Davis for illustrating "the large
amount of feedback data" the project was able to acquire by developing
its curriculum in the classroom and by remaining open to influences from

students.
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5.3 Evaluation Results

"Properly educated teachers using a proper selection of Madison
Project materials" can achieve any one or more of the following goals,
Robert Davis reported to the Office of Education in 1967:

1. Building an improved understanding of certain
commonplace topics in arithmetic, such as
placevalue numerals, algorithms, fractions, etc.

2. Arousing an interest in school (or in mathematics)
among children (and, for that matter, teachers)
who have not lately exhibited a very likely
involvement or an eager enthusiasm. (This includes
elementary education majors who believe they hate
mathematics, etc.)

3. Providing a basic foundation for unifying arithmetic,
algebra, and geometry in grades two through nine.

4. Providing a basic foundation for relating mathematics
to science (and even to such subjects as history and
music).

5. Providing a program to allow more talented children
to move ahead more quickly in mathematics.

6. Providing materials and ideas which enable teachers
to change their mathematics classes from a text-
book-dominated approach to a more flexible "mathe-
matics laboratory" approach--including small-group

work and individualization of instruction.31

All of these accomplishments were proved by one or more of the studies
described in the pages on evaluation in the OE report, or by studies by
other investigators, which are reported in the next section.

5.4 Independent Analyses of the Program

Evidence from the California "Miller math project" showed that
students of second grade teachers with Madison-style training scored
significantly higher than control groups on measures of both comprehen-
sion and computation and on the Modern Math Understanding Test. Students
of fifth grade teachers in the Madison-style math workshop program per-
formed significantly better than control groups on nine of ten scales
selected from the National Longitudinal Study of Mathematical Abilities--
computation plus understvding of number operation, geometry, probability,
and graphing. The researa was conducted from 1968 to 1972 by the
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California Institute of Technology fur the California state department of

education Specialized Teacher Project, which had provided the two-week

math workshop inservice training to more than two thousand elementary
school teachers throughout California. The studius also showed that sub-
stantial imoroveelent in pupils' scores was 'alatane...1 when teachers attended

the summer workshops two years in a row. Further, the evaluation ascer-

tained that thu math workshop inservice resolted in pupil gains in low
socioeconomic and minority-group communities wLich were equal to the

gains of pupils in mainly middle class white schools.3

Similar results were achieved in a 1965 study of Indiana fifth

graders. Charles D. Hopkins investigated what happens to a child's
proficiency in "traditional arithmetic" when time is diverted to the

study of Madison topics. He found that "the students perform better

even on the traditional topics (which are receiving less emphasis)."
This was true for low achievers in math as well as nigh achievers. In

his comment about this study Davis reported that it was made independently

of the Madison Project but that the teacher had studied with the project

for several years. "The project has never claimed, and does not claim,

that untrained teachers can make effective use of project ideas. It

is for this reason that the project's efforts et dissemination are

directed almost entirely toward teaohep education."33

5,5 Pro4ect Funding,

The Madison Project curriculum developi,;ent wes supported by Syracuse

University and Webster College, and by the Bureau of Research of the U.S.

Office of Education. Its films were developed with funds from the Course
Content Improvement Section of the National Science Foundation. Inservice

training workshops for teachers in Madison topics and methods have been

supported by NSF end by the school districts themselves.

5.6 Project Staff

Robert B. Davis, Professor of Mathematics and Education at Syracuse

University and Webster College, now Director of the University of

Illinois Curriculum Laboratory, was the originator of the project. His

ideas about mathematics, about children, and about pedagogyand his
experiences--have shaped the project, illosi strongly, and these in turn

have been shaped by the many university mat'lematicians and educators

and the more than one hundred math specialist teachers wno have joined

the project from time to time tee help work out topics, to teach inservice

worif,4end to wore as resident consultants in school districts. The

peiAry-le tl materials are largely the work of beryl 5. Cochran. The

main "assembled" curriculum consisting of Madison topics plus activities

with manipulative materials, and adaptable for children from grades 2

through 3, is attributed to Donald Cohen, Gerald Glynn, and Louise

Daffron, all Madison staff members. St. Louis Banneker district
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personnel are credited with moving Madison learning experiences into
"inner city" classrooms. Among these, Katherine Vaughn and Katie
Reynolds have continued to be associated with the project as teacher
instru :tors. Chicago workshop designers were Evelyn Carlson and
Bernice Antoine. Katharine Kharas was associated with the project in
designing new courses in teacher education at Webster College.
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THE ARITHMETIC PROJECT COURSE FOR TEACHERS



BEST
COI AVAILM

INTRODUCTION

Discussion Leader: Here's how some e.r. th?: jumps
for the rule g x C3 -- 5:

4 I I

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Participant 5:

Participant D:

The jumpa are different lengths and
they go in opposite directions.

I noticed that you 1,aoze two jumps of
one space, two jumps ,;.:P two spaces,

but then only one jump L.J. four spaces.

Discussion Leader: If the pattern Were pgescrved,
whc 'e should lhe jump from I land?

Participant D: Would it be four apalJes to the left
of I?

Discussion Leader: Yes, it would. New Long do you
predict the jump fro,-, 13 will be?. . .

The above is a sample discussion among a group of elementary teachers
participating with a discussion leader in the first session of the
Arithmetic Project Course for Teachers. They have just seen a 33-minute
black and white film (copyright-1967) of a Project staff member
teaching a class of fifth-gralers irom Medford, Mass., to work out some
number line problems on the chalkboard.

The impact of 20 such teacher seminars was descebed by one partici-
pant as follows:

This is a program that 'allows' the child to develop
math concepts and principles in his mind, not a pro-
gram that guts math concepts in his mind....I feel
that the filer;, are necessary in preeeniing the material
to us [teachers] -- otherwise I never would have believed

can be fun Gv!. it can be easy and this pro-
(,1,2t idou cc,,,,is--and 1 looe Lt!
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The ,ipit.12,/,?!:1,e ;A.,14Y is a series of films plus home-

work assignments for teachers (or prospective teachers), presenting

a variety of fresh ways to teach math concepts and giving particioants

practice in designing learning experience for their own pupils. The

topics were developed by David A. Page and his colleagues at the Univer-

sity of Illinois Curriculum Laboratory, starting in 1958, and the Course

for teachers was developed by Page and associates at the Education

Development Center in Newton, Mass.

The topics are not a complete arithmetic curriculum even for one

grade, but rather supplementary ideas which can enliven and broaden

the mathematics instruction in elementary school. The ideas are meant

to be adapted during the Course for use in the classes of the partici-

pating teachers.

It has been more than 15 years since the Arithmetic Project began,

and in that time other pedagogical emphases have come to the fore:

arranging classrooms and schedules less formally, provisioning instruc-

tion with more concrete and naturalistic, child-relevant materials;

breaking up instruction into small groups or individual tasks. These

newer emphases on methods are not inconsistent with the stress of the

Arithmetic Project on interesting and mathematically valid content.

And the Course's main ourpose--to expand and enliven the mathematical

repertoire of teachers--is still relevant to a priority need of American

education: to upgrade and renew the learning and teaching ability of

elementary teachers.

Nevertheless, it is important to note that the Arithmetic Project

Course began in the era in which university scientists and scholars

became interested in developing sound and intellectually provocative

ways to introduce their disciplines to young children. In this search,

mathematicians tended to assume the readiness of children to learn

powerful, authentic concepts if only they would encounter them in stim-

ulating ways. The questions of what cognitive foundations were needed

order for children to cope ':Jith the ideas being introduced were not

always confronted. These a-o queston7 which have become priorities- -

inleed, obsessions--as tea' hers increasingly work in situations in which

they cannot assume a given level of achievement among all the pupils

within a classroom.
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BASIC INFORMATION

Procwar: name: The Arithmetic Project Course for Teachers (foerly
The University of Illinois Arithmetic Project)

i.'ormat: Series of films, discussion notes, and written lessons for
teachers disseminated by inservice and preservice courses.

Uniquenede: Self-contained course which can be given by a school dis-

trict without specially trained personnel. Topics are math concepts

of significance to mathematicians and capable of being understood by

children.

Contcnt: Some ten topics developed by the Project, including trans-
formations (about half of the course), equations, "maneuvers on

lattices," and "greatest-integer function."

Suggested use: An inservice or preservice course introducing mathemat-
ical topics to teachers and helping them to adapt them for

children.

Target audier?ce: Teachers of elementary mathematics in grades 1-u

Length of vse: Twenty weekly sessions of 2 hours each offered con-

secutively or in 2 10-week courses. A 15-week preservice course

is also available.

Aids foi, tyr,ners: Twenty books (one per session) containing homework

assignments, summaries of problems in the film, and supplements.
Materials for staff include one Guido for Course Learlero, containing

discussion notes on films and homework, and a ,:rewet)rfp, r;'1.:Je. The

project offers participating districts and colleges a 24-hour "hotline"

and consultant services in addition to contact with local users.

Date of pub/I-cat:Ion; Originally published in 1968; revised 1973.

dify.:,701,:7.,v,?',,opp: Professor David A. Page, Department of Mathematics,

University of Illinois at Chicago Circle, Box 4348, Chicago, Ill.

60680. Mr. Jack Churchill, Associate Director, Arithmetic Project,

Education Development Center, Inc., 55 Chapel St., Newton, Mass.

02160. (617) 969-7100.

Pubiisher: Education Distribution Center, 39 Chapel St., Newton, Mass.

02160.
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1. GOALS AI') RATIONALE

BEST COPY AVAILABLE

1.1 Goals

The Arithmetic Project was a spin -eff from the high school math-

ematics curriculum development led Lie tee late fleix Beberman at the

University of Illinois Curiculm Labee)tory in the late

Davi..i Page, director of the ProjeeF, believed that you could not

determine what should nappeh at the (.;eeereay level until you had some

understanding of the mathematical caeabillties or elementery school

children. While he was sure tnet cemeeteet mathomatieiahs could produce

spectacular results with elementary clesses, Page wanted to see what

ordinary teachers could do after a treiriee. He thought that

with proper background even oreinefy t.:achers could "allow children to

pursue mathemetics beycnd tne usual limits of elementary school."

The Arithiaetic Project Covree wae t'eveleeed in en attempt to sub-

stantially change daily classroom kethemai:iee teachihg. By increasing

the teacher's knowledge of math eed eepermentation with new teaching

strategies, it was hoped th.it sh weuld be freed frem reliance on the

textbook and bu able to teach iueru powerful and widerenqine mathematics

ideas.

The central theme ef tne Project is that the study

of mathematics should be an edveeture, requiring

and deserving hard work. ehildren who grasp some

of the inherent fascieation of real mathematics

while they are in elwentary scheol are well on

the way to succese io further study of mathematics

and ecience. Stulents who are not to continue a

formal study of matheme tics deserve a taste of the

subject that is et least appealing.

However, the Project is not attempting to develop a

systematic curriculum for any grade level, in the

view that determinine ee adequate curriculum is not

possible until more aiterha'jeee exist to choose

among. What Is eeef!ed are remoworks that urovide

day-to-day, "here-ee-somethiee-to-try" ideas for the

classroom. The emphasis i.: on things that the teacher

can begin working with as quickly as possible.*

-....

*All quotations are from iutroductory, eeurse, and publicity material

issued by the Project.
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The term "new mathematic!.." is not used by the developer. Instead,

. .the Project seeks novel ways of doing old mathematicsnew struc-
tures or schemes within which can be found large numbers of interrelated
problems cuvealing signifiz.ant mathematical ideas."

As a result of taking the Course, state the developers, teachers
"will uncover through their own efforts and with other teachers, some
of the basic ideas of mathematics. At the same time they will learn

how to present these ideas effectively to children."

Actually the Course confines itself to a relatively small oember
of topics that were developed by the University of Illinois Arithmetic
Project between 1953 and 1968 and to demonstrat4ng "sin an efficient,
concrete way" how to teach theal.

Rather than exposing the trainee to prepared student materials,
the Course tries to focus attention on building a framework of ideas
which the teacher can adapt and deploy. By increasing her knowledge
of mathematics it is thought the teacher will ne longe need tc rely
so heavily on the textbook and can adapt topics to personal teaching
style anu tc local syllabus and procedures.

Course objectives are stated for the teachers rather than for
children, in the belief that more competent and coefident teachers will
produce increeseei learning by their students. Cuuse objectives are as

follows:

1. To give them [teachers] ideas for tecching math.

2. give them topics and problems they can use with students,

3. show them ways of creating problems on their own,

4. give thew a deeper understanding of some of the most
important math concepts in the elementary school

curriculum,

5. build their confidence in their own mathematical ability,

6. and at tne saw. time help stueeets develop skills in
reasoniny apc1 eumputation.

1.2 Rationale

Arithmetic Project developers state that the topics were selected

because they. . ."have aroused the interests of children., teachers,
and mathematicians acress the nation,' and "all of the topics present
fundamental ideas of mehemtics in ways that are exciting to children

and teachers alike."



It is held that children are excited by "scientific enterprise with-

in a limited universe," which is actually what occurs when a child works

with these topics, and that students love wrestling with abstract math

if they can succeed. Furtherinore, the developers have observed that

"things are so devoid of interest and spark in the elementary classroom

as far as mathematics is concerned" that when certain topics are intro-

duced the excitement and interest of the students in abstract ideas

becomes self-evident.

Fundamental to this Course is the notion that ordinary students
can and should gain experience with significant mathematical ideas, not

just rote skills. Just as fundamental is the notion that ordinary

teachers can learn and teach this kind of mathematics.

2. CONTENT AND MATERIALS

2.1 Content Focus

Topics (or as the developer sometimes calls them "intermediate

inventions") were designed to meet criteria of interest and accessibility

to children and significance to mathematicians. The topics eventually

selected for the Course were those which engaged "the interest and

imagination of children by providing a diversity of problems that are

not too hard for children to solve and which reveal some of the basic

ideas of mathematics." The topics included are:

Number line jumping rules (functions or transformations).

Equations (identities, with one or two roots or no roots).

Jumping rules in the plane (transformations in two
dimensions).

Negative numbers.

Maneuvers on lattices.

Lower and upper brackets (the greatest-intege function).

Artificial operations (properties of binary operations).

Commutativity and associativity of addition and

multiplication.

Distributivity of Irultiplication over addition.

Subtraction and division as inverses to the operations

of addition and multiplication.
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The developers do not claim that these are a comprehensive selection

representing all or most of the important concepts in elementary math-

ematics. (Some pIrticiphts nave in fact expressed disappointment that

more than hale the Course is devoted to transformations or "line jumping

rules.") The devolopors believea that it was important For teachers to
gain experience with some new topics in order to take part in worthwhile
discussions about a truly broad and encompassing math curriculum. Thus

the developers did not attempt to provide fresh "inventions" for all the
concepts in the arithmetic syllabus. They thought it more iiedortant to

provide a teaching in which children can wrestle with basic

mathematical ideas and have some success.

The Project presents its own system of notation--arrows, brackets,
boxes, parentheses, and the like--which may be different folm that
familiar to teachers and their pupils, and thus confusing to learners
whose symbolic matheTatical foundations are shaky.

2.2 Content and Organization of the Course

The Course is usually given as 20 weekly sessions but this is not

mandatory. Each session includes a film, followed by discussion of the

film, and discussion of the written homework lessons handed in by the

participants.

It is possible to arrange to give the Course in 2 parts of 10

sessions each. Develooers recomend that teachers take the first part

before the second because topics are arranged sequentially. A 15-week

preservice Course is also available.

The following chart indicates the topics scheduled for each session.

The seepl eee,:e referred to are sections of the lesson booklets con-

taining furtner exposition on the topics and suggestions as to how

teachers can adapt topics to diffPent teaching strategies and/or grade

levels.

The written lessons; ire completed by the teacher between sessions.

They are handed in dincuf..sed by the group, and corrected by a "Corrector"

with the help of exte-nc-jvi: ,...2recto!4 The homework is dis-

cussed anain subseciunt meetio9. Whether the woi,-f;ten Zeselon9

are done befu"e or oftry viewiny the .'m is at the aiscretion of the

leader,

While .??.ch film demonstrates how a topic may be taught at a partic-

ular grade level, teachers are expected to discuss and experiment, with

the aid of the ;:inte, teaching these same topics at differing

levels.

2.3 Materials leevieod

Materia7 Tomplete inservice Coursr,.., include M

of classroom lessens; each film must be individua.ly scheduled and

returned the day following each session.
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BEST COPY AVAILABLE

Each participant is supplied with 20 1 for each session.

The booklets contain wri.tto !..t'.30 to be done between meetings,

!:1. and m;:..)1&.; containing further

ideas, mathematical exposition and hibliojraphies.

Each leader is given a qu2 1,,...;1.1:Ts containing jc!v4upa,

L)3s;.;ri L-0 and i..7,?..1

Each corrector is supplied with a c ...;114e. with instructions

for correcting the written lessons,

The Project also offers particii_ating districts "contact with others

who have used the Course," .a 24-hour "hotline," and codsultant senvi:;e:;.

Consultants will help set up the Coum, or conduct a stassion.

Pzrticipants may elect to take t!ic Lr...%.4rse !n 2 10-...!,Jek tejments.

The 15-session preservice Courl:e COv ^s u;t.,%t of the 1,;ateridi in tine

complete inservice Course, but m4ny of VI: ti la; arc omitted.

1

lotroduchun to frnes an.
ram's

Film: A First (lass With
Number Line Hides and Lower
Bri.kets Les 0.buri,, Grade 5
Stipomient. Auev,ers to
Common Questions About the
Course

2
Consecutive lumps; distances
jumped, competing number line
rules
Film: Which Rule Wins? Phyllis
Ft Klein, 6, 3

Supplenlent*
Positive roil Negabve Numbers

3
Parenthc;es aii-t "multlpl ink
1:efore you anti, standstill
pelt it.
Film St, rrlstitt Points David
A, Pone, Cud+, 5
SuNdelPrit . A ilSev011

LQrlt'i1t)n Aura ins': ...Win the
Film 'Standstill Points"

4

EU ,..ts of usirc, ru:'
dif1.1,ot orders
Film: 'Three A's, Three p s, one
Ono C (*node

Strunlei 'era thvaline hy Zero

5
Intru.t;r:ti, n t in4;rices'er; on

Li!tic..
Film; A SevenFold Lattice
Frailis X. Corcoran, Grade 5
Supplement: Maneuvers on

Lattic,s

Vranie equat'ont;
orne wrni.g answtrs, alisulute
value
Film. Counting With Dots
3VI A, Cr." 7

Supplement V./W.5 t, r
How Many

7
Lower brackets
Film: Lower and Lipper
Prackets Carol Daniel, Gran, 4

suppii,rnerit:
Ploks to Introduce Prime
Numbi..rs to a TIM Grade

Lower brackets aii: adpe
brackets
Film. !neon:Allies With Louver
Brackets rancis X Corcoran,
Cuilfir.' 5

ArAtu.1**Ii With
Frames

0
Maneuvers on 1,,Qces, cont,iired
Film. A Periodic LatHs

Craile
Suntikritent: More Suoilestions
for I attires

10
"Surrouncl.i.o" 't'.
Blocks
Film: Surface Ara With BIncPs
I hyllis f4 1

Supplement' ci pass

Introduce of
Numeration too Fourth Cir,,rie
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11

Art uolitpeting
re.i.

F41/ r Some kr 01'4;31 Operations
Ph illis k. Kle.m, Caade

Wi rAdpe.red
1 rad.: r...nos

1'1

Wig e weak with
btr:ratiuris
Fii, frames and Number Line
jumping Holes t Ota

eJe
unplernera: Funchotli

la

6/ inq equations witli lower
uiyei Ii4rket

Film: Grapniny With Sr,,iare
Brackets Davin A. Per, Grade 5
SJ:mk..ent: Grarihi Nuiiiher

Line Jumping ilts;e:, Pert (hie

14
ooiritc to two nowts on a

iturrib.; lire
.:r 1: Cornp0ting Nunthet Line

David r.iiside !,

Supplintail. jranhal.., Number
in t Jiamp,r.9 rai t Two

. trovrqi tVio Oorttz.;
)111;,1411ot. of ttiiii!.,:t ColeS

Rules Movinj i wo Points
ted.,t A. f'.110., C; ..d.'

f!,fr!. .:)`

16
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2.4 Materials Not Provided

The Course provides no materials for children.

Groups presenting the training must provide a film projector and

suitable room.

3. CLASSROOM ACTION

3.1 Teacning-Learning Strategy

Project films and written lessons for teachers emphasize the teacher
assisting the children te develop a mathematical idea by means of a
sequence of problems which the teacher makes up to suit his or her own
class. The films shuw tne clas;oom teacher writing d problem on the
chalkboard and asking students for an answer. After individual students
have responded to several variatiuns of the same idea, the teacher asks
the class if anyone can suggest a pattern aimng the problems they have
been doing. Once the students have discovered the pattern and discussed
it, the teacher sugjests more intricate versions of the same idea.

The Course does not mandate this style of teaching but rather sug-
gests that all of the topics in the Course can be adapted to an individual
teacher's own style, once the teacher truly understands the topic.
Although all of the films show whole-class teaching, using only words
and symbols on the chaKboard--little work with concrete objects--the
developers consider the mathematical ideas translatable to small-group
teaching and to instruction that uses concrete objects.

The Course's must pressing requirement is that participating teachers
spend several hours a week doing assigned homework problems, writing
their own similar problems, and then as a group discussing their work.
This rather considerable intellectual stretching is intended to give
teachers the strength and versatility to adapt the Course topics to the
needs of their own pupils and to their own teaching style.

The Course instructions to discussion leaders underscore the devel-
opers' faith that ordinal/ teachers if they are stimulated to think
hird about mathematics and conquer their fear of making mistakes - -will
be able to fashion these basic topics into specific lessons suiting their
own pupils.

The notion of presenting a [utheeiatical] idea through
a series of problems is a subtle onc. It does not come
all at once. There no formula for doing it, and no
general instructions are really of much help. . . .
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The real value in having teachers begin early to

write problems is that writing problems, even imper-

fect ones, helps teachers get started in their classes,

Trying these ideas with their students is crucial if

teachers are to learn about them and learn effective

ways to teach them.

The Course would not be appropriate for use by teacher educators

who do not share the developers' confidence in the learning capacity

of motivated teachers and the developers' reliance on discussion and

problem sharing by a group of colearners rather than on lectures by a

mathematical expert.

Because the course is designed to be useful without

expert mathematical guidance, the discussions are of

particular importance. They enable the whole group to

profit from the knowledge of those who have had more

experience with mathematics, and from the intuition

of those with special aptitude for the material. Any

reasonable sized group will possess a diversity of

backgrounds and talents. Exploiting this diversity

for the benefit of everyone is the discussion leader's

task. It is not an easy one, but it can be exciting

and rewarding.

One of the first things you the discussion leader

should do is to be sure you have a class to teach.

If your normal duties do not include teaching regularly,

you should arrange during the institute to have a class

of children to work with on these topics three or four

times a week. The course will be immensely more

effective if you are genuinely sharing with the other

participants the process of learning how to teach these

ideas to children.

3.2 Typical Lesson

A typical session of the Course is organized as follows:

Introduction to film
2 minutes

View film
25-45 minutes

Discuss filii
10-15 minutes

Discuss written lesson
to be handed in

15-25 minutes

Return of corrected lesson (from

previous week) and discussion 10-15 minutes

Talk about participants'
classroom experiences

0-20 minutes
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While the Project does not advocate any specific teaching style,

the following materials about the film "Standstill Points," specified

for the third week of the Course, show the format used throughout. We

include here only the first page of each section of the booklet a

trainee receives in each session.

Trainees use the sheet labeled Summary of Problems in the Film
(Sample 1) while viewing the film; it is intended to help facilitate

subsequent discussion. The Film Discussion Nytee (Sample 2) are for

the use of the discussion leaders. These notes are based on questions

which teachers taking the Course have askedland are designed to alert

the leaders to possible areas of discussion.

The written lesson (Sample 3) parallels the topic presented in

the film and provides trainees an opportunity to work out for themselves

problems similar to those seen in the film. These lessons may be done

either before or after viewing the film.

The returned homework is corrected and subsequently discussed, with

particular attention to common points of error or apparent confusion.

The Supplement (Sample 4) is intended to provide the teacher with

additional resources for implementing the topic in her classroom or for

adapting the topic to a particular teaching method or different grade

level. Some Supplements do, not parallel a film topic but present enrich-

ment material.
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Sample 1

Summary of Problems in the Film

"Standstill Points"

5th Grade, James Russell Lowell School, Watertown, Massachusetts
Teacher: David A. Page

Here is a jumping rule: 3 X Cl

Start 4; :flak' one jump. Where do you land? ( 12)

Make a jump from 2. Where do you land? From 0 ? From
1

How long is the jump from 4 to 12? From 2 to 6? From 7 to 1 z ?

From 0 ?
Take a jump from zZ. Land? [22 means "negative 2" ur

.
"minus 2" on a number line.]

Now a jump from z3 -
Z

Land?

Using Ll 3 X L3 - 5 :

Who can tell where to start so that you land on 1 ? ( a)

How long is that jump?

Who can tell where to start to land on 10?
Find another place to start besides 2 where there is a jump that is

I unit long. (0 i.s suggested; this jump lad6 at z5 and that is the

companion of the jumn from 5 to 10) (Answer: 3)

Try starting at zZ . Land? ( zll )

How long is the jump from x2?
Find a jump where you get back to the same place. (2-2 )

(Wrung answers: 1-
Z

4)'

INIs.:w Rule: 0 3 3 X 0 - 19

Where is the place that you start fr OM to land right hack where you

Sttl 3. led? (9- ) (Wyong tmswers computed: 100, 'it' 6.1 1 ,q "1.1 11 .)
) 3

X C11 - 117

Aecor:ling to yo:11 methoc!, wl:at v.0,:ld thol ntart from in

orcit:r to pe1. ri1,1 t hark 1I,..1.('.1 ( )
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Sample 2

Film Discussion Notes

"Standstill Points"

Preliminary information:
This class is a heterogeneous fifth grade from the James Russell Lowell

School in Watertown, Massachusetts. The teacher is David A. Page. Before

this film, he had met with the class three or four times. The filming took

place in March. (Film running time: 45nain.j

The discussion that follows occurred in a previous institute. It is inten-

ded to alert the moderator to possible questions. Most of these answers attire

given by participants.

Q: Fairly early in the film the class was doing things like

---> 3 X - 19 , and somebody gave as her explanation: "You just take

the number on the right and cut it in half, and you stay right there." But, when

the teacher was going around asking people what the standstill point was, Terry

said 3g. What was going on there?

A: Terry multiplied 19 by 2 instead of dividing it by Z..

0: Nancy's answer was 6-
3

. Where did that come from?

A: Possibly she divided the 19 by 3.

Q: "Why is the standstill point one less than the number? Now

come it works?" (The person who asked this question did not state the question

clearly. What she really wanted to know was why you can find the standstill

poit by dividing the last number in the rule by the number which is one less than

the multiplier in that rule.)

A: Since we are looking for a place to start so that we will land at

the same place, we can say that for the standstill point the starting number will

equal the landing, eember. In this particular case the rub 3 X - 19

Indy be rewritten P 2 X f 1 - 19 . If we can find a starting num-

s that >: - 19 is sore, then that Stilrtilim Number must be

a standstill point for the eels. (Wily',))
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Sample 3

WRITTEN LESSON

I. SOME NO] ES ABOUT PAR:ENTHESES,
AND MIMI' WHAT TO DO WIIKN THEY AltENt r TEI:E

What is 3 + 5 X 6 ? Is it 33 or

If you Iiitve 10 + 3 4 1 , it dm:$:01 .lizttter v.lictliet you do 10 first, or 3 4 1 :

Now du thcsc:

2.

3.

100 1

CT X 3 1 3

4. 3 7.
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Sample 4

Supplement

Answers to Questions About the Film
"Standstill Points"

Q: now did the teacher introduce negative numbers, and why were

they labelled "z" numbers?
A: This class was introduced to negative numbers on an earlier day

by working with the rule 5 and making successive jumps.

Soon the rule required moving to the other side of zero.
When a jump had been made into the region of the number line below

zero, this class was asked what it would like to call the numbers there.

Nancie said "'zero-one, zero-two, zero-three," which she suggested
might be written 01, 02, 03. The teacher took the word "zero" and
used the abbreviations zl , z2, z3 , thereby avoiding the confusion with

decimals that might have occurred with Nancie's symbolism. He worked
with this terminology for two class hours. The third day he told the

children that henceforth he would call the numbers below zero negative

numbers and write 1, 2, 3 , and so on.
Other classes have selected the letter b (for "below") as a symbol:

bl, b2, 1)3, or lb, Zb , 3b, and so forth.
Many children have heard about negative numbers, if only from other

children. Notice that one of the virtues of working with these unconventional

symbols h that they can help make clear the distinction between a ""
used for the operation of subtraction, :Ind a "" used to mean "the

opposite o''. A child who has done 10 z5 is in a better position

to see what is going on when he first faces 10 (-5).
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3.3 Evaluation of Students

There are no materials GI- discussiod rkesrding evaluation of

students.

(See 5.3 - Program Evaluation).

3.4 Out-of-Class Preparation

Each participant is giver humewoek assignisents which parallel the

topics presented on film. These written lessons, which take about two

hours to complete, are to be done between class meetings. They are

marked by a "corrector" and discussed at the subsequent session. The

f;:tpr,L,I:rinta contain many opportunities for optional math practice.

The whole Course implies that a teacher will do considerable out-

oi -class preparation making up her own sequence of problems based on

what she has learned in the Course.

The teacher is greatly encouraged, even expected, to "build on the

materials, to do her own invention and try out things in her own class,

things not specifically taught in the institute." It is also hoped

that the teacher will share with the other trainees accounts of problems

and successes.

4. IMPLEMENTATION; REQUIREMENTS AND COSTS

4.1 School Facilities and Areqwments

The Course is designed to provide a school district or a teacher

education institution with everything its own personnel will need to

conduct instruction. The people who conduct the Course do not need to

Lake special training or to hire consultants.

The films and mimeographed materials are intended to provide not

only the materials needed by the participants but also the instruction

needed by tne local discussion leader, who conducts the weekly sessions,

and by the "corrector.," who reads and comments on the written lessons

turned in by participants. One ieader and one corrector are usually

appointed for each ten participants. However, in some cases, the tasks

of discussion leader and "corrector" are performed by the same person.

If the films are rented, the Course sponsor must schedule the showing

of each film so that it can be returned the following day.

The Project offees consulant services to interested colleges and

school districts; Project staff will help set up the Course or teach a

session. Assistance is available 24 flours a day by telephone.
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4.2 Student Prerequisites

The Arithwti( r'roject topics are supplementary, not in any particu-
lar sequence, and not essigned to a particular grade level. Teachers

participating in the Course ere expected to translate topics to practical
teaching situations in their own classroomsgrades 1 through 6.

Each topic: is illutrated by means of a film showing classroom
teaching of the topic with a specific class. Most of these films show
fifth-grade pupils, but that does not mean that the developers consider
these topics appropriate wily or mainly for fifth graders. The developers

expect participant teach,lrs to know the mathematical abilities of their
students and, thrcuyh the experience of their own learning of the topics,
to select appropriate ones, and present niece appropriately to their own

pupils.

While skill and experience in assessing students' learning levels
is not a prerequisite, the Course does demand a teacher's conviction that
such assessisents aro vital and realistic aspects of the teaching act,
and willingness to wor hard to learn this skill. Through its require-

ment that teaehers solve homework problems and write problems for their
students, the Course aims to yive participants insight into the pre-
requisite skill:, and concepts for each topic, and practice in designing
learning experiences Fer their own pupils that will guide the pupils'
grasp of the topic.

4.3 Teacher prerequisites

Participants in the insevice Course should be concurrently teaching
a mathematics class for eimentary pupils so that they can experiment

With and practice skills seined from the sessions. Teachers should be

prepared to spend about 4.o hours a week completing homework assignments.

4.4 40.ground r,el Traininlof Other Personnel

The discussioe leaders and correctors who conduct institutes using
the Course 0-ould nave a "better than average background in math," and
be 'interested in helping ethers improve their mathematics teaching."

Previous i=4eri,m:e with the Course or with modern math is not essential.

me discussioe Ifeidee ereuld be teaching a class of elementary

students on whoo to tr?; oq',' the proelem sequences pesented in the Course,

this gaining understaely of Ole task of transferring the topics to a
particular classroom. Bath the discussion leader and the corrector should
actively partict':(0.e in the ":nurse by doing all the written lessons.

The discus 1u,k,r should tm familiar with the district syllabus

and the textbocKs promyv; brj;1(.1 used by the teacher participants so

as to be able to klp u.iachrs adapt topir:s to the curriculum.
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The discussion leader's experience and talent as a facilitator of

teachers' learning seem indispensable to the success of this Course.

The discussion leader's priority task is defined as drawing out ideas

from participants, not putting in facts. Similarly, the corrector's

task is defined as helping participants learn from their mistakes, not

certifying the level of their achievement.
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4.6 Demonstration Sites

The following is a partial list of school systems, colleges, and

universities who have used the Arithmetic Project Course. Further

information can be obtained from the Education Development Center.

Alaska:

Connecticut:

Illinois:

Malaysia:

Montana:

Nebraska:

North Carolina:

Anchorage Borough School District
Anchorage, Ala.

EDC Bridgeport Pilot Communities Project

Bridgeport, Conn.

University of Illinois
Champaign, Ill.

Seameo Regional Centre for Education
in Science and Mathematics

Penang, Malaysia

Western Montana College
Dillon, Mont.

Chadron State lege

Chadron, Neb.

University of North Carolina
Chapel Hill, N.C.

5. PROGRAM DEVELOPMENT AND EVALUATION

5.1 Program Development

In an attempt to upgrade elementary level mathematics teaching,

David A. Page and mathematician colleagues at the University of Illinois

Curriculum Laboratory in 1958 began inventing and developing new topics

in mathematics for the elementary grades. The products sought were not

more "new math" but rather fresh and interesting ways to present arith-

metic basics. The project was located, however, at the curriculum

laboratory directed by Max Beberman, "father of the new math." The

project was supported by the Carnegie Corporation of New York.

Five years later, in 1963, the Arithmetic Project was invited by

the Educquion Development Center to develop Course materials for teachers

that would enable nonspecialist teachers to teach topics in their own

classrooms. This second phase was funded by the National Science

Foundation.

A number of topics were tried out in classroom situations, and of

these, ten were selected fur inclusion in the Course for teachers. The
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basis for selection was that they were mathematically rich, could be

taught by teachers with an average background in math, and were found

"to engage the inter,asi. ant imagination of children [and] are not too

hard for children to solve. . ."

To introduce Its materials to teachers, the Project prepared an

inservice Course that was self-contained and could be given without

expert mathematicol goiciance. Completed materials were first published

in 1968; a revised edition was released in 1973. The Course, formerly

called the Unkersity of Illinois Arithmetic Project, later became The

Arithmetic Project Course for Teachers.

5.2 Developer's F.valuation

No formal evilluation has been made that shows whether or not the

Courses for teachers are successful in transmitting their ideas to the

trainees or whether there is transfer from the Course to the classroom.

This may be a serious lack in the minds of evaluation-conscious admin-

istrators. Project staff at EDC report personal observations that more

than one-half of the trainees du use the topics in the classroom on at

least an occasional basis.

A questionnaire is given to the discussion leaders of all Courses.

They are asked whether or not trainees are using in their classrooms the

topics and methods discussed in the Arithmetic Project Course.

From the r..:siQnses cf the leaders, it appears that the extent to

which a teacher uses Project t..,pics in the classroom depends on the

interests of both, teacher and students. The questionnaires state that

from one-half to "almost all" have tried some of the ideas in the class-

room. it is the developer's belief that teachers who complete the Course

"might be ahlri. *vote a fourth or more of their arithmetic class time

to pursuing Prci,:ct materials."

One attevt has been wade to see whether students increase their

knowledge of mathematics when taught the topics and methods of the Project.

Standardized pre- and posttests (Stanford Achievement Test and Metro-

politan Achievement lest) were given to elementary pupils taught by

Project staff o:Ttbers (not teacher trainees) to elementary pupils in

Watertown, Massach:hetts in 1968. The developer states the test showed

that the computotitvaI skills of the students increased an average of

one full grade compared to the two control groups. They emphasize,

however, that standardized tests are not available to test the topics

developed by the Project.

5.3 Comments on the ProoramiParticia

At the end of eaco course the leaders are asked for comments con-

cerning the Course. While most of the responses describe the Course as

"very good" Pind "exeollentd there are some specific criticisms. A number
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of participants stated that not enough a ' Alan was paid to primary
teachers (K-2) and that the appeal of ti.e Course was limited. Regarding

the mathematics involved, one leader wrote: "The course assumes a

certain amount of basic mathematics knowledge. It seems to me it is

actually a second course for most teachers." Other participants stated

they often could not see the mathematical rationale involved and ques-
tioned using a newly contrived terminology for well-known concepts.

The films are occasionally criticized as being too long, having
little relevance to the topic of the week, and being redundant about

the same topic. However, many leaders felt the films demonstrated an
effective method of teaching and had a "definite, positive impact on

teachers."

Despite such criticisms of the Course, many teachers speak posi-
tively of their experience usirj in their classrooms the methods they

have seen in Project films. "Third graders became enthusiastic vith

the idea of playing a game in mathematics," "The student were all

excited," "The sixth graders have developed a new attitude toward math- -

not all drudgery--they now feel math can be fun." These are typical

of the comments made.

Their own successful experience with wathematics gives many partici-

pants a better understanding of the problems children are encountering,

and a new-found confidence in their own ability.

5.4 Project Funding

The University of Illinois Arithmetic Project was initially supported

by the Carnegie Corporation of New York. Subsequent funding was obtained

from the National Science Foundation and the Ford Foundation.

5.5 Project Staff

David A. Page, professor of mathematics, University of Illinois

at Chicago Circle was the originator of the Project.

Jack Churchill, Associate Director, University of Illinois Arithmetic

Project, Education Development Center, 55 Chapel St., Newton, Mass. 02160

is presently in charge of the Project and the person to whom further

inquiries should be directed.
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NUFFIELD MATHEMATICS PROJECT

and

MATHEMATICS FOR SCHOOLS



BEST COPY. AVAILABLE

INTRODUCTION

A greup, of 20-yea2-olds had collected ; number of bird

and animzi skulle and wanted to measure th:, capacities

of the brain cavities. They devised a method ()lima-
euring them--filling ehe skull cavities with sand- -

end then had to make a cubic container for measuring
the sand. A cubic inch vorke,d for the cat and rabbit

but not for the bird's ekuil, so they worked out

a quarter-inch container. . . . 2co adulta would have
bF is ab:!.e to device as elegant and simple a solution

to a question ormeasurement.

.4 teacher. . .said she began by deciding to base all
teaching on the premice that no child should be asked
to accept a mathematic al truth on her authority, which

meant that she had to arrange matters so children

could learn j'rom themselves. . . . She discovered that
whenever possible it was best to use mac,grial from
the immediate environment: leaves from trees were a

better "apparatus" for underctanding perimeter and
area than rectangles, so her pupils fitted string along
the edges of leaves, and got the area by laying the
leaves on flat pieces of paper marked off in square

units. After a time, she estimated, the children were
spending about a third of the time experimenting with
materials, a of the time discussing what they
found with each ether and the teacher, and a third
practicing ekilts. She found little difference in

their c2mputation work. They began detailed explora-

tions: '!From a study of making polygons rigid, came

an interest in bridges and towers; from tessetation
with hexagons c',Ime an interest in bees, patchwook

mcdern architecture. . . ."

Joseph Featherstone described the teaching of mathematics in English

primary schools in a series of articles in The New Republic in 1967 and

1963, from which the paragraphs above are quoted.l His and other observers'

reports of the active-learning innovations in England have deeply influ-

enced American schools. Now two mathematics programs which have grown

out of the English informal schools movement are available in the United

States: the Nuf.-ei.e:d Matheitatics Teaching Project, and Mathematica for

Schools. Loth programs are designed to alter traditional mathematics so

that children can see tne mathematical implications of everyday situations
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and conduct mathematical investigations. Real-life objects are used,
and problems are posed stemming from children's own interests, in the
belief that school work of this kind makes children purposeful and
self-directing.

Both programs are described in this one report so that their simi-
larities and differences can stand out. The Nuffield publications are
aimed at the teacher and are not "potted lessons," in Featherstone's
phrase, but rather explanations of math topics, plus suggestions that
teachers can use to design lessons. Mathematics for Schools is a com-

plete, K-6 mathematics curriculum. There are detailed instructions that
tell the teacher what to do throughout each lesson, and exercise books

for the students.

Teachers using either program will need to adapt them to American
ways--or perhaps to learn some English ways. In either case, they will

find that active-learning math demands far more preparation time, organ-
ization, flexibility, attentiveness, and responsiveness to students as
individuals, than does a conventional curriculum.
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BASIC INFORMATION

Evoup2m names: Nuffield Mathematics Project and Mathematics for Schools

Format:
Nuffield: Series of 13 guidebooks for teachers, organized into 3

parallel "streams' running from age 5 to 13: computation, algebra,

and geometry. Also guides for supplementary topics, 3 sets of

activity cards, and 20 project manuals for upper elementary and

junior high students.
Mathematics for Schools: Six manuals for teachers containing lessons

for age 5 to 13, and 12 student workbooks.

uniqu.-tress: Traditional and modern math topics presented through
children's experiences with manipulative objects and activities in

their ow, surroundings. This is the active-learning approach
identified with the informal, "integrated day" English 1.imary

schools.

content: Sets, counting, arithmetic, operations, measurement, integers,

geometry, algebra, fractions, decimals, statistics, probability, and

functions.

Suggested use:
Nuffield: Teacher uses guidebooks and inservice training to design

lessons which fit into the standard curriculum, or to design whole

new curriculum.
Mathematics for Schools: Complete mathematics curriculum.

aul'fpnc.-;: For both programs, students of all ability levels,

ages 5-13.

6MYti', of use:
Nuffield: At teacher's discretion.
Mathematics for Schools: Math period daily throughout eighth grade.

:*or Both programs include a series of teachers' guides.

In England inservice training accompanies introduction of these pro-

grals. In the United States training in active-learning approach to

mathematics is strongly urged.

Date o;' pubV.Lrzto':
Nuffield: Publication began in 1967; not all materials are yet avail-

able in the United States.
Mathematics for Schools: 1970-74.
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:,:v,:.tora/Developers:

Nuffield: The Nuffield Foundation and the Schools Council, Nuffield
Lodge, Regents Park, London N.W.1, England.

Mathematics for Schools: Addison-Wesley Publishers Ltd., West End

House, 11 Hills Place, London, England. The late Harold Fletcher

was senior author of the program.

LlubLisher:

Nuffield: John Wiley & Sons, Inc., 605 Third Ave., New York, N.Y.

10016.

Mathematics for Schools: Addison-Wesley Publishing Co., International

Division Headquarters South St., Reading, Mass. 01867.
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1. GOALS AND RATIONALE

1 I Goals

BEST COPY MOUE

'The Victorian clerk, sitting on a stool in a counting house,
kept his ledgers meticulously," the Nuffield developers recall. He
wrote in beautiful copperplate, his immaculate figures were neatly
underlined, and his calculations were always accurate. . . . Elementary
education as it then existed encouraged the growth of these skills."*
In the twentieth century, when "the pace of life began to quicken,"
elementary schools took on the responsibility of teaching speed in
addition to neatness and accuracy, but the arithmetic was basically the
same.

Now, however, the age of computers renders Loth the Victorian and
the twentietn century clerk nearly obsolete, and there is need for
`people who can asess situations, who can formulate and solve problems."
The value of Aathematics for the average person thus is to gain not
computation skill but intellectual power. Even more, "Mathematics uffers
a way of ordering all experience" because it reveals pattern and rela-
tionshipsaesthetic and philosophical insights. Elementary-school math-
ematics today ought to be a fuller thing, then; not just arithmetic.
And it should be pleasurable, not dreaded. if these changes are made in
early school years, mathematics can be opened up to all students, not
just those wno may become professional mathematicians, scientists, and
engineers.

Both the Nuffield Mathematics Project and Mathematics for Schools
intend to broaden the content of the mathematics taught in the elementary
school , aild to change the manner in which students experience math. The
two programs eiph)sizo an active-learning approach. What the student

should gain from active. naturalistic, modern math is summed up by Edith
E. Biggs, one of the ociginators of this approach.

Our aims. . .are to give our students (1) the opportunity
to think fo,- themselves.. (2) the opportunity to appreciate
the order and pattern which is the essence of mathematics,
not only ih the iii;o-made but in the natural world, as well

and !3) trio needed skills.2

Ouseph Featherstone lists the active-learning teacher's criteria

for a good thinker: 'Coridence, concentration, and an ability to make
informed rather than haphazard guesses and estimates; mental habits of
synthesizing ideas and t'a'king analogies; the capacity to communicate
thoughts and feel i hgs in various stays ."3

Unless otherwise indicated, all quotations are drawn from materials

issued by the deveIor,
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BEST. COPY. AVAILABLE

To these cognitive aims ere added the intention to make math
practical and bound up with real-life experiences and interests of

youngsters. In this way developers hope to change cnildren's attitudes
toward math from boredom, fea, and feelings of inadequacy to enjoyment,
purposefulness, and confidence -what Harold Fletcher, senior author of
Mathematics for Schools, called an "I'll have a go at it!" attitude.

The English educators' use of the word ...!etlum to mean informality
is frequently misuederstood by Amric;,o:;, as is pointed out by
Featherstone in his comments on Amercse adaptations of the British
active-learning approach.

Letting children telk and isove ebeut is helpful ir
establishing a setting in which the teecher can find
out about students; it helps children te learn actively,
to yet the habit of frawing purposes iedependently,
using their own judgment. lent teis freedom is a means

to an end, not a goal in itself. . . . Informality is

pointless unless it leads to intellectual stilhuleeion.
Many childreh in [American] :Tr(-21 seho6e are eut
happy, and one suspect; that part of the reason is that
they eee bored with their own lack of intellectual
progress.4

Both Nuffield and Mathematics for Schools recognize the ability of
young children to grasp the "purity and erder' of mathematicsits
abstractness--if encouraged to do ee. Edith giggs says that making this

aspect of mathematics available to averaoe as well as bright children

can result in the early discovery of unusual creativity and persistence

in some students who do no show other signs of high intelligence. In

practice, however, teachers who themselves lack mathematical confidence
tend to "condemn children to the eternally mundanethe postman and the

candy shop," Peatherstone obsurved.5 Tus Harold Fletcher, putting
together Mathematics for Scho(;i:-. after his experience in the Nuffield

Project, was determined tc stress math's patterns more than its prac-

ticul i ty. "I prefer reeL.:heareee to the esaaIt mathematics,"

Fletcher declared.b

Preparing students for p!iAthematcs in British secondary schools is

a high priority for developees ();: b9ti, prograrts. First, students must

be enabled to pass the national eseminatiens for entrance into secondary

school. But, of equal impor;:ahce, they ilust build deep concentual
foundations during their middle years for the advanced algebra and

geometry they will encounter ie sesondary school.

Although the programs 7,haoe mn)/ eimilarities, they differ in the

stress they place on idividualize,1 learning. Because the Nuffield Pro-

ject set a goal of helping' teaehees identify every student's individual

learning stage and style and dasigned a learning program to fit, it

offers a teacher suggestions rather than set lessons. In contrast,

73



Matnernatics for Schools did not attempt this complete individualization,

.and provides instead a standard curriculum with options for flexible

pacin3,

1.2 Rationale

By dedicating it:; series of teacher's guides '. the Swiss psycholo-

gist Jean Piagel., the Nuffield Project acknowledges that it borrows its
fundamentel approach from his theories about the stages of growth which
children pass through in developing thinking power. As an adaptation

of Nuffield, Mathematics for Schools is based on Piagetian theory too.

In both programs the curriculum units for early years are designed
to engage and stimelate children who are in the stage of intuitive

in which they gather information from the appearances of
objects or events rather than by testing their real nature. By experi-

encino, understanding, and assimilating a rich variety of things, places,
and happenings, children prepare themselves for the stage of eencreae
epeel::0,:1, in which they can work investigatively with problems that

involve the of objects they can manipulate. According to Piaget,

each child's movedient through these stages is individual but the general

pattern is that it takes until the age of 11 or 12 for the child to be

able to leaYn from abstracted information right away instead of from

concrete experience-followed by concepts. Piaget's theory is the basis

for both programs' emphasis on children's play-like work with a great
variety of materials-sand and water, objects for counting, shapes,
devices fur measurieye-and on the teacher's 41:::;,:f4sein:" the meanings of

children's own exeeriences, rather than e:e11::?v them rules and formulas.

In the Nuffield Project Piahut's theory is also used as the rationale

for recommending that l:eachers regularly diagnose each child's level of

learning and custom des* his learning activities. Additionally, Piaget

is the basis for their series of diagnostic guidebooks. In contrast,

Mathematics for Schools setts forth a standard curriculum without any

diagnostic test:. This may indicate that these authors attach less

importinice to the teacher's to chart a Piagetian learning path

for each ehild separately.

Both pru3rams sh:ire the irkIdern mathematician's rationale for teaching

children rdore math char is comprehended ih arithmetic, both because it
is inherently incril.,,cing to children and because arithmetic alone is

no longer adevAe p.,-eph:!ration fur later life.

2. CONTENT AND MA'ITRIALS

2.1 Content Fur-is

Nuffield Projct writers describe the mathematical content of their

wc,rk as "draohg 4.h,2 buir. of the nt,w ..n.1 the best of the old."
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However, they emphasize that they intend the teacher to focus on how

children learn, not vhot they learn, and in any even: it is lest to the

teacher and headteaeher to select which of the Nuffield topics to teach.

Nuffield developers accept the real possibility that the school people

will leave out most of the new stuff, and use the guides only for "enrich-

ment" at first. Be that as it may, the following list of topics covered

in the Nuffield guides conveys their intentiun to gradually modernize

the traditional curriculum, not only ir; methoduogy but also in content.

Topius f'OP ages vo 9 in ,r;,.:1:V. 32:i,Le;

Number work: sets, counting, addition, multiplication,

number line, subtraction, and modular arithmetic.

"Environmental" work: weight; and volume, lenath and area.

Geometrical work: "shape and size," straight lines, angles,

verticality, horizontality, perspective, symmetry, and

patterns.

Pictorial representation and graphs: open sentences, truth

sets, Cartesian coordinates, and graphs.

:'opLls for ages 9 to 23 .%,n P41.-T11-:. juidr1:6:

Arithmetic:: positive and negative numbers (integers),

subtraction, division, fractions, decimals, indices, and

large numbers.

Geometry: rigid and non-rigid shapes, symmetry, rotations,

reflections, translations, tesellations, two-dimensional

patterns, vectors, ievarlants, relationships (squares,

cubes, circles). similarity and ratio, and topology.

Algebra: symbolic form's of arithmetic and geometry, graphs

of inequalities, intersection of two graphs, graphs using

integers, mechanics, speed and gradient, and functions.

Probability and Statistics.

A booklet designed to present the rationale for modern math to

parents gives Nuffield definitions cr the elementary level topics as

well as the Nuffield designers' plan of now the various topics at

various levels reinforce each other. This is Your JhiZd and Mathematics

by Professor W. H. Cockcroft, chairman of the Project's consultative

conunittee.

All of these [arithmetic, yeomuty, and algebra] are

woven together; none can stand separately. . . . The

aim is to teach children to see Mathematics as a unified
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way of thinking about the world, not as a separate
colleci::on of teOlnical subjects. . . . In each of

h:md. tnought all hake a part to play.

This bookie:., oritLit tot traditional-aritibetic-minded parents,
should be indispensable !, teacncrs, Together with the index of topics,

it :erve as a syllabus of the mathematics covered
in the guides for ailt;'; 611. Cockcroft makes clear that the ideal use
of the material in the ciui ctes is to fit it into a ::trong, comprehensive
mathematics Trair,ewor1. of d docided ly modern design.

A good deal of emprkisis i Tven throughout the guides to the
hnportance and the nature of tne geometry Ilhich is presented.

As you will sat,, this Dctive-learningj approach brings
ide:s previously teated in geometry lessons at the age
or 71 or i to a much lower 4ge group. Uf course, to
du the tNatment of the work must change. . . .

One (!oe..: oxpect primary school children to be
provih .th,:o-ems." One does expect thui to be
dev,,L)PirN from practical experience, an understanding
of oasic tn9orer.ica1 geometrical concepts.

In middle v;hool years (ages 9 to 13), "this marriage of practical
geometrical work wish Lheoretical work" will be accomplished through
"the theoretical inteopl.::!tation of turning, moving, reflecting, and so

on." Cockcroft a.! sot explens the ri:ason for introducing algebra to

children: it is syAolic systod to be uskia to express the patterns,

and the Ades that maoe about those patterns, in both arithmetic

and geometry.

It i the ,..)bie:t of the Nufficld Project to give

hi(0111 40!.tr.:7t ,...ymholic algebraic work to middle

school '.wt, it il [rather'] to see that they

leave !TIAdl schoo e.WdY;:-.' Of many of the algebraic

patt:rris pr-!ient is ail their v)ork. . . .

Teach;:rs pdes Frequently neglect the theoretical
wHch Jurr, by i:tv? designers, probably because

the teacners dc no: the,,ic-1 inc.oNtand the abstractness of modern

,i16toci.motics. ! :r.otcher attewted to remely this not only
by educating tea:.ner.) "his c.,.,es for tcachers were famous throughout
England) but by combihny 1,,AfTld and his teacher education expei-

ences into ::i stric!-.u)1 c!.:oiculum series. This series, Mathematics for
Schools, covers har3-;cally the StAne topics es have been listed for the

Nuffield yudcs.

2.2 Cen:::ent jn:1 Jr q 11; ,F th 5..ubd,itisions

The nondirectiveness of Nuffield's

ro'r. )'. Hi...:r.tfli.c,f!,0..; to ii c.iri that the guides themselves
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have no structure. There is a sophisticated, .,ntended framework on

which suggested activities are to be hung. Whether teachers use this

subtle framework or one similar, or construct their own, depends on

their own experience in teaching and in mathematics and on the curriculum

structure and teacher-supporting resources of the schools in which they

work. The guides assume the existence in England of teachers' centres,

where the Nuffield topics are explained by a wathematics consultant,

discussed, changed, fleshed out, tailored to individual classrooms, and

practiced.

The guides are erganized into three usteeams," which run front

beginning through advanced levels: Computation and Structure (Books

1-5), Shape and Size (Books 1-5), Graphs Leading to Algebra (Books 1-3).

Computation is symbolized by a circle, Shape by a triangle, and Graphs

by a square. All guides except Book 5 in Shape are available in the

United States; publishers expect this guide to he available in late 1974.

The material in each stream rises and broadens in difficulty and com-

plexity from age 5 till age 13. Thus, in general, topics are meant to

be taught in the order in which they appear in a book, and books within

a stream are to be taught in order. However, the three streams have to

be intermingled. Suggestions for doing this aee offered by means of

references from one topic to other topics in different books. Inter-

mingling is complicated by the fact that the streams do not begin at the

same age level, and they advance at differing rates. Thus, Grapho 2

presnets more difficult material than Cumputaton 2 or Shar6
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The following is a chart of the topics which appear as teaching
units in the Nuffield streams.

Book 1

Book 2

Book 3

Book 4

Book t;

Computation & Structure

relations, sorting, 1 to 1

correspondene, conserva-
tion of number, ordering,

counting, numerals, number
strip, addition. xapping,
presubtraction (ages 5-7)

development of natural
numbers, length, we
capacity, addition,
place value, time,
money (ages 6-B)

addition tc.bles :arid

problems, commutativity,
associativity, subtrac-
tion, multip!caLiodr"'
simple sharing, fa. ors
and primes, fractins
(ages 7-11)

extension of place value,
modular arithmetic,
integers, appliation of
integers, large numbtrs
and indices (Ages 10-1;)

addition ')1

numbers, racirniJ1 noA.bers

as equivd1.:fre . of
ordered pair',
numhi:r: am., dOlfiS Or,

a numbl. Gr.lccing

and four fundament();

operation-. (arje;

Shape & Size

sand and water play;

picture, pattern, and
model making; music,
movuicnt; bricks, con-
structional play (ages
5-7)

3-dimensional space:
volume and capacity;
2- dimensional space:

sympAry and regular
shapes, area, right
angles and half right
angles, perpendicular
and parallel lines
(ayes 6-9)

area, volume, parallels
and :Angles, circles,

tesellations, reflec-
tiundl symmetry,

riiular polygons,
translations (ages
7-11)

2-dimensional patterns,
vnLors, invariants,
similarity, relations- -
area to volume, etc.,

mAking, enlage-
ments (ages 11-13)

PuLli,:krs expect this
tu he available

for di-.tributien in

19//1.
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Graphs Leading to Algebra

block graphs: interpreting,
using for computation and
for science reports; graphs
showing sets, inequalities,
c.rnputation, measurement
(ages 5-10)

coordinates, open sentences
and truth sets; graphs of
inequalities, intersections,
and coordinates using the
integers; open sentences
and graphs (ages 3-13)

rational numbers, simulta-
neous equations, simple
linear programming (ages
11-13)



A Nuffield unit. Nuffield guides address the teacher, not the

student directly. Each guide is divided into sections; each section is

deloted to a single mathematical topic. These sections are similar to

units in an American textbook series. A section explains the mathematics

of the topic to be taught and presents suggestions for activities through

which students can first expeeeeee the working of the concept and then

..ia:z411: what is happening and discover eatterns. The suggestions include

(a) descriptions of how to introduce topics, pose problems, and initiate

student activities; (b) assignments hic!; car be cupieu onto cards and

handed out to individuals or groups of students to do by themselves;

(c) ideas to be covered in teacher/student discussions; and (d) repro-

ductions of pictures, stories, graphs, and sums done by children in

Nuffield classrooms.

The series also includes a set ef "weaving" guides which are like

supplementary or enrichment units in an Ameeican curriculum. General

guides present an overall view of tee series and explain how elements

interrelate. Modules. each consisting, of short teacher guide and student

task card, cover :elected supplementary topics for 11- to 13- year -olds.

The curriculum also includes three sets of problems for this age group.

Units and levels in Mathematics for Schools. The Fletcher writing

group labeled their work an "integrates series tee distinguish it from

the Nuffield Guides' three streams and do-it-youl-elf approach, Math-

ematics for Schools arranges lessons into Level 1 (corresponding to they

nongraded English "infant school"--ages 5 through 7) and Level il

("junior school" and first two yea1.5 of sec.undafy school - -ages 7 through

13). Within Level II there ire five euplevels. The lists on the

following pages show the topics treated within each level and rake

clear the spiralieg sequencinc ark' the interweaving of computation,

algebra, and geotsetry, similar to that in Nuffield. Each title in a

list is the name of a unit (called a .-er.tZ,;?. in the Teacher's Resource

Book. A unit mey contain from one to ten lessoes, each consisting of

developmental activity, discw.,51or1s, and uercise pages. The exercises

for several units are combleed into booklets called hilci:..,ente 3ooks,

of which there are seven in Lev6 !, and ten in L.-Jvd II.
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Units for primary level (ages 5-7) in Mathematics fc" Schools

(listed in the order in which they appear in the teacher's manual):

Introduction to Sets

Sets and Subsets
Solid Shapes
The Idea of Matching
Cardinal Numbel: 2, 4, 3, 5, 1

Ordering Cardinal Numbers: 1-5

Cardinal Number and Sequential Patterns: 0, 6, 7, 8, 9, 10

Cardinal Number: 1-10

Solid Shape
Pre-Measurement Activities: Length (meters)

Introduction to Addition (number line, mapping)

Basic Addition Facts: Totals to 10

Comparison: Taking Away, Adding On

2-Digit Numbers: Introduction

Measurement Activities: Capacity, Mass

Counting on ( 4dition by counting on a number line)

Counting Or v.'" Addition
Counting Back ana "Taking Away"
"Taking Away" and Addition: Exchange and Coin Recognition

(vertical addition and subtraction)
"Sets Of" (commtative property of multiplication)

Sharing
Algebraic Relations: Open Sentences and Truth Sets

Addition: Commutative and Associative
Measurement Activities (height, length, mass, capacity, time)

Solids: Volume, Faces, Plane Shapes

Algebraic Relations: Open Sentences and Truth Sets

Plane Shapes: Covering Surfaces

Algebraic Relations: Inequalities

Plane Shapes: Conservation, Vertices, Edges

Open Sentences and Truth Sets

Symmetry
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Level II (ages 7-13) in Mathematics for schools:

Bouk 1

Tallying and Addition
Difference and "Take Away"

Enrichment: Number Facts

Addresses and Regions

Measurement: Length (m and cm)

and Mass (g)

Multiplication
Measurement: Time

Sharing
Symmetry
Addition: Tens and Units

Book 3

Statistics
Addition: Hundreds, Tens, and

Units
Statistics
Measurement: Area (cm2)

Difference: Hurd, eds, Tens, acid

Units
Measurement: Mass (g and kg)

Multiplication
Angles
Number Patterns

Biol. 5,

Bas's
Statistics
Addition and Difference
Fractions: Addition

Measurement: Accuracy
rilgebrai: Relations

Sorting: Classifying Shapes

Multiplication
Fractions; Multiplic:atioe
Measuremenr Area (cm2)

pope 7

yarvcying

Decimals
Division
Vector-,

Fcactiuns
Vrobabiiity
Decimals
:napes: Circles and .:4sc,

Pigebraic Relations
now Charts

Book 9

Algebra: The laws of Arithmetic
Pythagoos' Theorem and Se..are Roots

Integers
Vectors
Enrichment: Computation

Punched Cards

Symmetry
Money
Measurement: Sigificar,e aec index

Notation
Plane Sahoo5

wool: 2

Addition ane Difference: Tens and Units

Measurement: Area (cm2), Capacity, Volume,

am Masi (g)
Multiplication
Angles and Direction
Addre,;ses acd RsgionS

Sharinc
Pc)peLies of Plane shaues

Book 4

Additlop and Difference involving Money

Measurement Height and Length

Plultiplication

Angle;
Division
Intro,luct!on to Prcbabiity

l'racLicms

AlgOrdic Relations
Shapes: Circic
Introduction to Decimals

5ook

low Charts
Division
Shapel: Solid nd
Fractions: Multiplication

Preuability
P!e3surement: Volume (cm3)

Pattern
Decimals
Alcebraic `relations
Translations, Reflection:, and Rutaticns

Book 3

nteger..

Fractions
Transformations
De;:mals and Percentages
AlgebraiG Rel,'tions

i-Hosurement: lolume

SW:istics
Proportion
ime and ',peed

Intews

Relation; and Functions

Inteler.;. Rationals,and Reels

Ek;:itinyi and Northings

Prohabi,ity
Meosnrement: Volume, Mess, and Relative

aensity
rhricment: Computation

iormulas and equations
indices, Slide Rules,and Logarithms
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2.3 Materials Provided

Student. PL.,Wo.t.a--Jf,..,: and Problems- -It:L. These are sets of activity cards with ascompanying teacher's
book giving answers, discussions of the problems, and ideas for follow-
up. In general, these are mental puzzles which can be done with paper
and pencil rather than with manipulative materials. They are meant for
students of 11 years and older.

York c.zrjr. Each of 20 modules (see description under teacher in
this section) includes a set of about 20 cards. Students complete paper-
and-pencil and active-learning exercises individually or in small groups.

Several kinds of apparatus have been designed by the Nuffield
Project, notably the Multiboard, a collection of number strips, cubes,
colored washers, pegboard, rubber bands, slide rule, Napier's rods, and
114 squa-e. This must be obtained from science and math equipment
suppliers rather than from the project.

The 13 student books in Mathematics for Schools are not texts but
workbooks containing only exercise pages. All instruction is carried
out by the teacher. In Level I (ages five-seven) students write in 7
exercise books. Level II has 10 exercise books, all of which are stiff-
cover and meant to be reused. Children write exercises on separate
pieces of paper. These books have little narrative insr.ruction and thus
do not depend heavily upon the student's reading abili4. Lively,
richly detailed cartoons illustrate the exercises and instruct the
student; for instance, at the end of the exercise pages for each lesson
cartoon of a child holding his hand up signals the student to stop

work and see the teacher. This is to prevent the child from beginning
new written work before the teacher's introduction of (I -elopmental
activities.

Teacher. A;(1.cTx.oes c:,:1(,13. The 13 Nuffield guides d, lchers
are small softcover booklets with both black and white and full color
illustrations of children's work. These exuberant and charming samples
of Nuffield results should be powerful motivation to American teachers
to cope with the Englishness of the books and to undertake the work that
must be done to translate the topics into American classroom lessons
Teachers should study the whole series of guides to get a feel for the
sequencing of topics and intermingling of streams. Then they can pick
individual guides from hic i to develop lessons.

We,win(7 TA:deF.,. These eight booklets are of the same design as the
teaching guides; they are like supplementary or enrichment units in an
American curriculum: 'dm; to Build d Pond, Desk Calculators, Probability
and Statissics, Mathematics with Evr.Tything, Computers and Young Children,
Logic, Nuffield Geometry', and Lnvironmenta" Geometry. (Because the
American publishers consider the last book, Environmental Geomet'',too
expensive te distribute, it will only be available until the current
supply i; exhausted.)
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General guides. I Do, and I Und-p4i.:and (how to change over to

active learning) and Your Child and :44thaatice are introductory book-

lets which should be read in preparation for serious work with Nuffield.

Other general guides which teachers may find useful include The Ste*

Fce (an index to materials covered in the three streams--Computation

1-3, Shape 1-3, and Graphs 1-2), Thr.;.0. Ys.ar9 and Math:

7'he Yearu (general description of mathemetical activities

which teachers should encourage), i4a:s Z'ocrything (explains

how teachers can provide valuable math experiences for 5- to 7-year-olds),

and Invo ;;econdary School (how Nuff4eld mathematics can be used with

11- to 13-year olds). Film summaries of three of these books, I 2o,

u'ld I UndListand; Maths with Everything; nd Into Secondary 3ohool, are

available.

Evuluat.:on Gu.;deu. Two primary level evaluation guides, Check up

o.nd 2, are available.

modelee. Modules consist of about 20 work cards for students and

a short teacher's booklet. The booklet contains drawings of the cards

in addition to background information and explanation. The modules,

intended as supplementary material for 11- to 13-year-olds, may be used

in any order with groups or individual students. Modules currently

available in the United States are: ,,..xs6cf and Jradient 1, 2),_:(1$2, 1,

Nu.mber i=atternJ 2, Sulionetry, and ekevl,e, Ci.i4PSt:j ,2nd !Icap-itv.:. The

publishers have ordered 15 additional modules; they are not yet avail-

able for distribution.

There are six eachr's Re.d0Uvt? ::k,.; in Mathematics for Schools:

one for Level I and five for Level II. They provide the organization

for teaching through all nine years of the curriculum, as well as the

planning for each daily lesson. They are softcover, 11 x 84 inch books

which include small reproductions of the children's exercise pages.

2.4 Materials Not Provided

The everyday objects called for by the Nuffield guides and the

Mathematics for Schools Teacher's Resource Book must be gathered, organized,

and efficiently stored by the teacher. The following list gives only an

inkling of the kinds of things the teacher will need.

Sand, water, dried peas, acorns, nails, matchboxes, straws,

pipe cleaners, cubes, cylinders, colored beads, balls, bricks,

Cuisenaire roes, Dienes blocks, balances, equalizers, rulers,

compasses, protractors, string, jars, boxes, scissors, puzzles,

plasticene, timers, clocks, and thermometers.

Everythieg is carefully selected for its teaching purpose. .In I

,:7z1 f Undrotond the Nuffield developers caution:
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"Setting the children free" does nut mean starting a

riot with a roomful of junk for ammunition. . . .

Storage ie the important ieeee here, All materials

should be adequately stored in suitable containers,
clearly labelled, in a precise position in the class-

room. . . . Expense is involved [in gathering
measuring devices], but the criterion must always

be that of quality. Inadequate tools only lead to
frustration, and one really good pair of scales is a

far better value than five inaccurate ones.

The activity cards suggested in the Nuffield guides must be pre-

pared by the teacher, personalizing for her own students the ideas

sugyested in the book. Eventually these essiynmenes are supposed to

arise entirely from the teacher's observation of eeeh child's activity.

The task assigned must always involve more tnae active measurement or

"mental agility"; it must make the child look for patterns, consult

with the teacher, form judgments, and make decisions.

The Nuffield developer's also recommend having some conventional

mathematics texts and workbooks in the claesroom ee source books for

the teacher and references for students. Teachers who believe that

students need drill eon use exercises From such books.

3. CLASSROOM ACTION

3.1 Tearhing:Learnia Strategy,

Both the Nuffield Project and Mathematics for Schools try to give

the student a concrete experience f a mathematics concept and then to

help him capture it in the form of an idea which he uses over and over,

in later learning and in diffeeent situetions. "Active-learning" is

their catchword for this peeress. Both programs intend to move child-

ren gradually beyond concrete experiences and their concomitant com-

putational skills into recogoieing and working with the abstract

patterns which are the eesenee of mathematics. Mathematics for Schools

caves more assertively in this dieeeelon because its lessons and cur-

ricul.:;11 are speilen out, while NufFeld guides only suggest what the

teaciew should do,

Nuffield eta.hesin leasniu. in their intruAuctory guide, Do,

,1=,? I U4d,,,v3,.72, the Nuffield developers sketch the "discovery" line

of development For a child le'n mathematics: "expeAimentation-4,

thiekiny ee communication.'' They reject "demonetration explanation

memory -a praceiee" `eeeauee "rieh,or; el though a useful tool , is clearly

fickle" unless it is linkce with 0 e eirte.a eakeeeae4.1:ec already

Fixed in the child'',; mind; and "prectiee is necessary, but there is a

eijnificant difference between practice chat is mere repetition, and

practice that, reinforces 4 eeee'tee e:: ,e7 ei.eite" (Emphasis added.)
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Mathematical activity . . . can derive from the most
commonplace obje!Ls if and when powers of observation

are developed . . . Initially the role of tne teacher

is to help the child to acquire acute powers of obser-
vation and to assess the possibilities that lie within
the moft commonplace objects and events . . . then

. . to provide interestincl materials te stimulate
further work . . . . The situation must be carefully
structured by the teacher if the children are to make

real discoveries.

Whenever new materiale are introduced there seem to be
three separate stages thoegh which children must pass.
At first the child no i^ a period of free experimenta-
tion with the materiel . . . . The second stage involves
the introduction of the necessary vocabulary related to
the particular materials . . . best introduced through
teacher/child discussion while the materials are actually

being handled. The third stage sees the emergence of a
problem -- probably some question that has arisen during

the discussion. Thiz, sequence seems to arise naturally

. . . .
It is representative of an unoutrusive, yet

carefully structured, situation.

It is vital that the materials and situation give rise to a problem

that is natural and important to the children, so that they will wish to

solve it for its own sake and not to earn a reward. After the problem is

met, children size it up and lock for ways to ffri the answer, working

first with concrete things and then with the abstract skills they have

learned. This is the t.;i!,Kkir<i stage of Nuffield's le?.rning scheme. It is

pcwered mainly by the teacher': discussion with the students.

The role of the Leachee today is not to stop children
talking but rather to ensure that there is something
very worthwhile for them ro talk a5out . . . . The

quality of the discussion will be directly dependent
upon the quality of the teacher/class relationship . .

. . if discussion is to fete' not only language but

thought and reesenieg, T.her it eeeds tG take place in

much smaller geoues tor] blIveen a teacher and a small

group of children.

Finally the students record what they -Zind out: the c.L.1,7munication stage.

[The] time comes when the children Feel the urge to

communicate . . . Sometimes they get stuck for lack

of an adequete vocabulary. eole of the

teacher :is to infilteate the necessary vocabulary
into nis responses [so that] the child hears words

in the context of en enjoyable experience.
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Reports may be written in journals, or kept in folders. Some reports are

net words but drawings and graphs. It is important that children get to

seep their own work so that mathematics becomes part of their value

experiences.

All of the Nuffield guides enhance the reputation of the English for

subtlety and understatement. This leads to some uncertainty in the teacher

about the practical matters of doinj the theory, as the developers acknowl-

edge in a characteristic understatement. "There is sometimes a little

concern among teachers as to the kind of materials to provide, and when to

introduce them." This is a significant drawback of the guides and the cause

for Nuffield emphasis on teachers' inservice training: If a learning

situation is not carefully structured, the problems the teacher asks the

students to solve will not be meaningful or profitable.

Mathematics for Schools stages in learning. Experience with Nuffield

guides-Ted Hardld Fletcher and the Mathematics for Schools authors to
specify precisely what situations aril materials to use, to prescribe steps

for every lesson, and to arrange lessons in sequence. They particularly

considered Nuffield's thinking stage too ambiguous, and so they spelled

out ways to translate each set of concrete experiences into mathematical

terminology, and they provided paper-and-pencil exercises to make sure

that children consolidate the insights they gain. The Teacher's Resource

Book sets out this diagr:dp for a lesson.

NEW

REAL SITUATIONS DOING DISCUSSION PRACTICE SITUATIONS ZERALIZATIONS

Concrete Activities, Textbook Applications

Materials planned and studies &

spontaneous activities

This pattern will not work unless the teacher follows these requirements:

You should introduce the number operations and the

associated facts only after much discovery-activity
and discussion using a variety of concrete materials.

"Getting to the sums" too soon can often impede
rather than enhance mathematical progress.

After discovery, you must give the children plenty of
practice and time to develop and consolidate their

understanding of mathematical concepts. It does not

follow that children always remember ,chat they discover.

You should encourage the children to constantly seek

environmental situations appropriate to the [topic]

tinder study. Such situations mo arise spontaneously,

or they may be set up and yuided by you, but they must
have meaning for the children, for they will learn
little mathematic. that is not real to them.
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BEST COPY AVAILABLE

You must not allow the children's mathematical
progress to he held urn by lack of ability to

verbalize. [If the children understand the lanuuage
of mathematics] they will make progress in other areas

of study.

Thu last proviso suggests that the Fletcher group does not place a

priority on Nuffield's eilrnivItn stage. Mathematics for Schools 'doe

not suggest that children write extemporaneously about their math work.
Children's discoveries are recorded in their exercise !..a7es. The 'Follow-

Up Activities" suggested in the Teacher's Resource Book as applications of

the concept learned tend to be [nonverbal] eercises, projects, and games,
as are the "Enrichment Activities".

3.2 Typical Lessons.

:iu;yiel. Here is.a description of the material on length presented

at the start of :''rpur_q4re This guide is recommended for

"early years in the junior school"; that is, for children around eight yeas
old, or those who have developed concepts of "longer than," "shorter than,"

"higher or taller than," "near and far." The length of teaching time for

working on this material is not suggested; nor is there a plan for breaking

it up into daily lessons.

Early experiences of lenath will best be carried out
by children using any sort of measure that suitably
comes to hand: lengths of paper, book-lengths,
knitting needles, inatchboxes, stridc:., spans [hand-
breadths] and finger leng,:rs; something the child
is familiar with and ohich he urderstands. We shall,

of course, he workino towards the need for, and the

discovery of, ,:,!:eze?

The use of fingers, haw-P., arms, feet, end strides as common but

approximate measures is explained and diagrammed in a chart or digits, palms,

spans, cubits, and fathoms, which the teacher can copy for her class. Teachers

are told that with these historical units o measwement "we can begin to train

cnildren to estimate before actually measuring . . . [and] !et them discover

themselves . . . that we can oever measure anything

Assignment cards ( .task c:Irr.;," "job card ") are shown. Such tasks are

to be undertaken as individual or sifial! group work or to be directed by the

teacher if reari; ,bility lim!ted.

1. Measire ;r .r neck, wrist, and waist. What will you use

to tic ;.0's? Now mar; Iwri-)L. measurements" will go round

your neck? (Estimate "first. How many neck measurements

will go round your waist? j 'f..stimate first.) See if your

measuremerts are Offerent from your partner's.
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2 Measure the length of the desk using (a) cubits, (b) spans,
(c) palms, (d) digits. First check with the chart that

you know what these are. Which did you find gave you

the best measurement? Which took the longest to do?

3. Which human units would you use to measure: the height of
a giraffe? the height of a horse? a mouse from nose to
tail? the length of your garden? Write dawn some more

things you could measure and say which units you would use.

The guide reiterates to the teacher that tnese exercises are used to
show children that human measuring units vary in different people so that
there is a need for fixed standard units. It mentions that Piaget found

that children naturally proceed from measuring with whatever is convenient
to using standard feet and inches. There are a few paragraphs which the

teacher can adapt to tell her students about the history of introducing
standard measurements in Britain. Now the teacher is ready to introduce

standard units and assign practical measuring tasks in the room or school-
yard with foot and yard rulers and a trundle wheel (a wheel with a
circumference of one yard, meter, etc., which clicks each time it makes

a complete turn).

Next the guide suggests the teacher move from this real-world
experience to abstracting experiences like those on the following assign-
ment card: making ordered pairs of numbers out of yards and feet.

YU FT Complete this table.

1 3 Can you explain what you were
2 6 doing?

9

4 11 Can you use this table to change

5 yards to feet or Feet to yards?

6

7

10

:33

36

39

42
45

A way to make a graph illustrating the cenversion of feet and yards

is illustrated, but. teachers are cautioned ,iot to get anything but whole

feet ano whole yard;, fr- children ,ae not yet ready for fractions and

decimals. They are ready for work with rulers Lhut show inches, however.
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They will want to find the length of the "bits and
pieces" which are left over at the end. This is the
time to make the inch ulers available (without other
sub-divisions if possible). . . . Some foot and yard
rulers, now with inch divisions, will also be helpful
at this stage.

. .

Several activity cards are shown which call for children to measure desks,
tables, bookshelves, and corridors and express measurements in two ways; for

instance, "5 ft 9 in or 69 in."

Piaget is cited again in explaining that young children do not under-
stand conservation of length when objects are not straight. Several

activity cards are shown which call for children to measure zig-zags,
spirals, curves, their own feet, objects they find in the classroom, and
finally circumference and diameter of objects.

Here the child will need an intermediate model of the
object he is measuring--in measuring round a tin lid
he will take a piece of string or tape measure to
acquire the appropriate length and match this in turn

against his ruler. Calipers can be introduced at this
stage for measuring diameters. . . .

With this much experience behind them children will want to be more

precise with their measuring, and foot rulers with half and quarter inches

can be introduced. But fractions are to be taught now only as a means of
appreciating rwanings of fractional parts, not as operations with numbers.

The unit continues with a lot more suggestions for practical work
measuring distances, shapes and heights, and making ordered pairs and tables

of feet and inches (like the one on yards and fee.). Throughout the

pages are found full-page reproductions of students' work on this topic.

The unit then proceeds to treat the topic of 1.,egh v. in the same manner.

Where this unit appears within the year's mathematics curriculum, how

it is related to the students' work in computation and other math topics,
what materials are given to the students and what situations are posed,

whether some parts of the unit are taught at one time and others later,
or whether they are taught at all--these are all decisions for the teacher.

A unt it,2m(4171(.,] 3choolk,. A urit called "Measurement

Activities: Length" appears about one-third through the Level I (ages five

through seven) Teacher's Resource Book. It: covers portions of the same

content as was described in the Nuffield unit above, but the organization

of the material for the teacher is quite different, starting with the manner

of stating objectives;

To enable children to use arbitrary (nonstandard) units for

measuring the property of length. To enable children to

understand and use the metre for measuring length.
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A paragraph of mathematics background notes that there are three basic

ideas in measurement: "the choice of a unit, cmparison, and counting."

There follows a brief sketch of the history of measurellient from parts of

the human body. As in the Nuffield guide, the teacher is told that the

children's experience with many random units of measurement is an important

preliminary to their appreciation of the need for a standard unit.

Materials needed for the lessons. are listed. General activities which

will refresh what the children learned in a unit called "Pre-Measurement"

are suggested. There is an optical illusion diagram which the teacher can

copy and present as a special activity to emphasize estimating, and a

suggestion that children will discover the idea of fractions as "bits" left

over in measuring.

After this general introduction, two separate lessons are explained;

first, "Purpose"; then "Preliminary Activities," "Teaching the Pages"

(meaning the exercises in the Children's Book),and "Follow-up Activities."

The pages of exercises from the Children's Book are reproauced. The

first lesson is about nonstandard units and gives children experience

with strides, reach, arm, foot, and handspan. Children qre to measure

these units using strips of paper, compare their strips with their friends',

and record their findings. Feet are traced and measured and compared, and

the foot measures are used to measure other lengths, such as those of the

classroom and corridor.

When the teacher believes the children understand these activities,

ehe"teaches the pages." There are three pages cf exercises devoted to

this lesson in Children's Book 3. First: "Compare your measurements

with those of your friends: whose is longest?" Drawings illustrate reach,

stride, foot, and span. The suggested measuring device is string. The

children work in small groups and record theie discoveries by writing

down the name of the person who has the longest measurement. The second

exerci :e directs: "Draw a octure of your foot. Lcmpare its length with

your friends' feet.' The last says: "Measure the class shop [store]

with pictures of your foot."

In tne "Follow -Up Activities" the children apply their knowledge to

new objectca. For examolc, "ii?y rieasure Lne widths and lengths of additional

ciassoom objects Liz a Lrwir,s of their own outstretched arms, legs, and

fingers. Ina final ulsco:-.;ion the teacher asks these questions:

Would You use your span or your reach to measure the

ength of a classroom . . ycur stride or your

arm to measure the lehgth of the ylaygroond? Now

would you measure round a football?

The second lesson 'ntroduces the 'metre stick and compares it with the

children's body measurennts. Finally children use *the meter to measure

the classrorm and playground and compur4 this with their body measurements

as expressfA in fileters.
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The small unit of measurement--centimeter rather than inch--and

height and nonstraight lines are the subjects of a unit which appears

many weeks later in Level I. Activities on circumference and diameter

similar to the Nuffield suggestions are delayed until Level II (ages

7 to 13).

3.3 Evaluation of Students

There are no written tests for either program. Nuffield guides

emphasize that students should keep journals and record their work in

pictures, graphs, and stories. ,Ind I Undpret,Pu; explains the

importance of teachers' keeping a general record of the class and

individual records on each student's interests, projects, achievements,

attitudes, and difficulties. The Project is innovating an entirely new

system of making clinical observations of children doing active mathemat-

ical tasks, not for the purpose of measuring achievement but for

diagnosing levels of understanding so that the teacher can design

individualized lessons. A series of check-up guides is being developed

and field tested in collaboration with psychologists from Piaget's

Geneva institute. The first of these, Checkin Up and Ch6cle.,:no Up 2

go along with the beginning books in the three streams.

Teachers of Mathematics for Schools evaluate student progress by

observing their participation in discussions and activities and by

checking their work in their exercise books.

3.4 Out-of-Class Preparation.

In both programs: teaching success depends on thorough preparation

and organization. The teacher must begin with the ir'derstanding that

active learning is for her, not just for the students. Any math program

which attempts to teach the real mathematics behind arithmetic memoriza-

tion and drill requires a teacher who understands the meanings behind

eituals. Most elementary teachers will have to come upon these meanings

in the same way children do. by work with concrete meterials. Once this

content is mastered, the work of preparing tne classroom and identifying

the learning characteristics of every student can begin. The teacher

using the Nuffield guides will need to prepare activity cards, as has been

mentioned, in addition to selecting what lessons to use and furnishing

the classroom.

4.0 IMPLEMENTATION: REQUICMENTS ANU COSTS

4.1 School Facilities and Prrandoments. es.
Botn the Nuffield Proj&:t and Mathematics for Schools are designed for

infoemal or open clessrooms in the style of the irnovative British primary

schools. opee describes the use of classroom space as well as the

scheduling of classroom time. Instead of fixed rows of desks there are

tables and workbenches that can be moved about, comfortable chairs placed

in 0u:et corners for reading, laboratory-styie areas for iriath and science,
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cupboards, blackboards, and portable screens serving as room dividers.
Students move around throughout this area, working in pairs or in small

groups. The classroom day is not divided into fixed segments; instead,
time is budgeted each day to activities that children and teacher judge
most interesting and productive. Suggestions and illustrations for
rearranging the classroom furniture and schedules gradually over a
period of weeks or months are given in r Do, and I Underatand, and in
Edith Biggs' and James MacLean's book on active mathematics, Freedom to

Both Nuffield and Mathematics for Schools materials are designed

for nongraded classes, in which students move ahead from their individual

starting points and at their own paces, regardless of age. However,

Mathematics for Schools has been used successfully in traditionally

graded American schools. Both programs were developed to be used by

average teachers (with inservice training, to be sure) rather than math
specialists; the developers state that they prefer this use because
generalist teachers can more easily relate mathematics learning to

language, science, and art.

4.2 Student Prerequisites.

Children must be accustomed to working productively in an active,

open classroom. If they have not had such experience, this style must

be introduced gradually, perhaps one afternoon a week, or an hour a day.

4.3 Teacher Prerequisites.

Although both programs give teachers explanations of the mathematical

background for each unit, this is not likely to be sufficient for the

average elementary school teacher who feels inadequate in math and

dislikes it to boot. In England most teachers starting out in either

Nuffield guides or Mathematics for Schools have access to inservice training

and to classroom assistance from the headteacher and the government mathe-

matics adviser. American teachers will need a good math background and/or

a workshop course in modern math and active learning. Such workshops have

been pioneered by the Madison Project of Syracuse Uniwi-sity and Webster

College. They may be conducted by school districts or offered by university

extension departments.

A second prerequisite is the teacher's belief that real-life experiences

are indeed the best way to learn, and her willingness to provide this kind

of learning by doing extra work. Nuffield should not be attempted unless,

as Joseph Featherstone stated, "the teachers really believe that children

can learn a great deal by themselves and that most often their own choices

reflect their needs."7
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Organizational ability is a prerequisite trequently overlooked by

Americans trying to adapt the English methods. Gathering togetner

materials, keeping them orderly (most children will not work their way

through messes of junk), organizing separate lessons for different groups
of children, keeping track of individual students' progress--these are

management tasks which may be unfamiliar to both traditional and "free"

teachers in America.

A fourth prerequisite has to do with the relationship between teacher

and students. The "child centeredness" of English informal classrooms is

not the same as that of the American "progressive" school of the 30's and

40's. Featherstone stresses the importance of teachers in active learning

classrooms using their "natural legitimate authority" as adults.

Actually, in .a proper informal setting, as John Dewey
pointed out, adults ought to become more important:

. . Basing education upon personal experience may
mean more multiplied and more intimate contacts between

the mature and the immature than ever existed in the

traditional schools, and consequently rwre rather than
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4.! Community Relations.

The need for interpreting the active-learning approach to parents is

recognized by the Nuffield developers. Your C;v:Z(4 and Mathematics is

desigaed to explain to English parents the reasons for the modern math

topics as well as for the.informal approach to learning. Many American

parents are interested in the British innovations and are eager to see

them adapted in the United States. School people may need to interpret

to some or these parents the importance of gradual introduction of the

new methods to teachers and children, and that the active learning approach

may not be suitable for all teachers or all students. Other parents will

be most concerned with their children's mastery of traditional computa-

tional skills, and they will need to be persuaded that an active- learning

approach can accomplish this.

5.0 PROGRAM DEVELOPMENT AND EVALUATION

5.1 Pr2gram Development

The Nuftield Mathematics Project began in 1964 to build a comprehensive

math program that would combine modern math topics with the new ideas for

teaching that were gaining hold in England's primary schools. Active

learniug or "laboratory mathematics" was already being practiced in these

informal, nongraded, flexibly scheduled classrooms, and the approach was

being sread through teachers' seminars by Edith Biggs, Harold Fletcher,

Leonard Sealey, and others. The Project was an effort to organize this

experience and make it available as topical guidebooks supported by

inservice training centers.

The Project is the combined effort of the Nuffield Foundation and

the Schools' Council. The latter is composed of representatives from

all the educational orgaeizations in Great Britain--associations of

teachers, headteachers. college tea hers, and mathematics advisers from

the national ministry of education. The Project commissioned teams of

teachers, advisers, and professors to prepare the guides under the

e;rection of Professor Geoffrey Matthews and a national consultative

committee of mathematicians. The F,chools' Council set up teachers'

coaters to give teachers their own active-learning experiences in the new

math topics. The evaluation guides are prepared by a team from Piaget's

institute in Geneva, Switzerland.

The late Harold Fletcher, the mathematics adviser to Staffordshire

schools, was a member of the Nuffield writing team from 1965 throelh

1967, when he began to work on a Nuffield-style comprehensive curriculum

for Addison- Wesley Interniqinnal. The assistant author of Mathematics

for Schools is Ruth Walker, headteacher of a school in which Fletcher

worked with teachers using the Nuffield approach and topics.
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5.2 Developers' Evaluations

The Nuffield guides were written in trial versions and tested in

more than.250 schools in 14 areas of England. They were revised on the

basis of these trials and then published. Research from the trials is

published by the Schools' Council in its Field Report Number 4.

Mathematics for Schools can be considered a still further revision

and adaptation of the Nuffield materials. It was tried out for two years

in England before publication. During the school year 1970-71 Addison-

Wesley's office in Menlo Park, California, gave the primary level mathematics

materials to 30 teachers throughout the United States. They taught the

program for a year in grades one and two, and then were asked to fill out

questionnaires on their impressions of the curriculum, students' progress,

difficulties in using the materials, and the like. Because of the small

sales volume, Addison-Wesley dces not expect to prepare an analysis of

the data.

5.3 Independent Analyses of the Programs

David Rappaport of Northeastern Illinois State College, Chicago, is

one of scores of Americans who have observed the English open schools with

an eye to translating their practices for American classrooms. His

evaluation of the Nuffield activities he observed, and of the mathematics

teaching in Ruth Walker's school under Fletcher's guidance, are published

in The Elementaril Sciocl Journal issues of March 1971 and October 1970,

respectively. Among his comments or. the Nuffield guides are the following:

The guides are, with few exceptions, superb. Every

American elementary school teacher would profit

by reading [them] and using them as source material.

The examples of children's work could very well be

the basis for overcoming teachers' fear of . . .

trying out laboratory techniques. . . . The guides do

explain the mathematics concepts in a developmental

manner. Teachers who still lack an understarding

of the eew mathematics . . . could find the %Meld
guides an excellent method of learning and under-

standing [it].9

Rappaport cautiuns, however, that ay. teacher must hive good preparation and

understanding of how the guides work before using thim. He observed both

good and bad teaching by teachers using the guides in England, and he

comments that the good teachers knew "when to capitalize on children's

discoveries to direct them to new efforts," while poor teachers "did not

understand the mathematics and were unable to develop the next step by

themselves."lo
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Some English mathematics eddcators observe that English teachers,
lacking strong mastery of mathematics theory, overstress the environ-
mental applications for math and neglect the purely structural
mathematics in Nuffield. Mathematics should not be presented to
children solely as a way to solve practical problems in the environment.

Math is artificial. Environmental maths is just as
unsatisfactory as textbook maths if the questions
you pose to children are the type which cause them
to ask, "Who wants to know?' The environment is
not necessarily intrinsically mathematical. We
must make the maths environment of students more
precise by structuring it so that it can be
explored and so that children ask questions about
mathematics, not just about its fringe benefits.
We want them to be interested in mathematics itself,
not just what you can do with it.11

There is also the problem that the teacher must work out a way to
develop the material in the guides into lessons that fit into the school's
basic mathematics curriculum, or to devise a new curriculum. Mathematics
for Schools is in itself evidence that in England there are educators
who doubt that the Nuffield guides can serve as framework for a complete
curriculum in math. In the United States, where princ4pals and teachers
do not usually design their own courses of study, there are understandably
even more doubts. Questions arise on two grounds: first, that the Nuffield
guides are so subtly and permissively presented that only teachers who are
experienced in mathematics and in individualizing instruction can develop
a whole curriculum from them; and second, that Piagetian theory does not
provide adequate guidelines in math. On this second point Robert B. Davis,
director of the Madison Project in Mathematics, which has worked closely
with Nuffield, wrote in 1967:

How adequate are [Pi3get's] "clearly-defined developmental
stages" in providing 'is with curriculum guidelines? The

answer seems to be that this method has great promise
fer the future, 'Jut that this promise has not been
realized as yet. . . .

It appears that Paget has focused attention on a very
particular selection of taskssuch as his famous
"conservation" tasks in pouring water- -and it is by no
means clear that these tasks, taken together, form an
adequate and appropriate set of "pegs" on which we can
hang the mathematics curriculum. Many important aspects

of mathematics remain untouched, and in the case of
some others the analogies with Piaget's `asks may be
misleading rather than illuminating. 12
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For school people impressed by those English materials but looking

for definitive answers to questions like those above, there is little

solid data to refer to. In his 1971 comparisons of informal teaching

in English and American schools Joseph Featherstone comments:

We could all proceed mom wisely if we had better notions

of how to evaluate learring in informal settings, but we

don't. . . . If the British lack rigor [in evaluation],

we [Americans] lack maw examples of good practice; far

too many of our school systems have emphasized conven-

tional measurement and innored children's learning,
forgetting the principle that children and teachers do

not get any heavier for being weighed.

On measurable achievement in conventional tests, children

in formal British schools do slightly better than children

in informal schools, though uniformly the differences are

very slight. This is not surprising: formal schools

teach children to take tests. The surprising thing to me

is that test results are so similar. . . . There is no

evidence that reducing the amount of formal control over

students impairs conventional academic skills. On the

other hand, it is plainly impossible to make inflated

claims for Wormal teaching in terms of conventional

test scores.14

Thus we need new kinds of tests in order to assess active-learning

mathematics. But tests are."a side ISSU2 Featherstone says. "We

need different values too.' It all goes ImcK to what long-range goals

comunities and parents set for their chiAren. Is it important that

in adulthood mathematics be more than a breadwinning skill, more than

a tool? Is it expected that mathematics be also an art, adding to

the student's enjoyment of his own mind and of his environment?

American experience of these two active-learning math curricula

from England is still very much in the concrete operations stage. We

need to learn by king them, not by reading the data.
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INDIVIDUALLY PRESCRIBED INSTRUCTION-MATHEMATICS (IPI MATH)



BEST COPY AVAILABLE

INTRODUCTION

Xlth period begins in a mixed-age, intermediate-level class in a
moder. open-space school. Ten-year-old John goes to the math center and

finas IPI fo:,der. lie takes out the short pretest for the unit calZed
"Level :, jivisiun," which he took during yesterday's math period. The
test has been scored bv the teacher's aide, and John now sees that he got
all th2 problems relating to the first "skill" (lesson) correct, but he
la.je many mistakes on the questions testing his knowledge of the other
three "skills" in the unit. SO John goes to the aids and tells her hs
ne,vls the Student Booklet for Level 0, Division, Skill 2. He takes this
booklet to his teacher and tells her he reeds a "prescr4tion." Arm
3he finishes helping one of john's classmates, the teacher conferences
with John, referring to his pretest, and then she assigns three pages of
lesaons in .he Student, Booklet. John returns to his seat and works by
himaelf in :71e Oooklet- for the rest of the mat%, period. John's cZass-

.1thtee are wop;:ing in a similar manner.

Prescribed mnstructon,!:hthematics is a reorganization
of the traditional elementary mathematics curriculum to "individualize"
each student's progress through the curriculum, thereby accommodating
many levels of student ability and achievement within the same classroom.
Textbooks are replaced by programmed booklets--one for each lesson. These
"self-teaching" booklets are the major source of instruction. The teacher

does ,rot present lessons to the whole class or even to small groups at

one time but rather assigns each child's individual study program, monitors
progress, and provides individual tutoring when a student gets stuck.

The hallmark of the individualization movement, of which IPI is a
leading example, is its reliance on a carefully constructed sequence or
"continuum" of "skills"--from simple to difficult--building to mastery

of whatever subject is being stddied. Skills are called "behavioral
objectives" because the student will demonstrate a specified, observable

behavior or performance to prove mastery. Tests of mastery are included

with every unit, each test keyed precisely to the objectives being taught.

Children are not assigned to new work until they have passed the tests

for the prerequisite skills. Conversely, the student may skip a lesson

if his test shows he already knows the skill. By this method both quick
and slow students are thought to be able to proceed through the same

subject matter without hampering each others' progress.

IPI's distinction is its embellishment of programmed instruction- -

providing the opportunity for "continuous progress" rather than slotting
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a student into a grade based on his age or accomplishment; and managing

instruction in schools with very diverse student populations. Like other

programmed curricula, IPI relies on behaviorist strategies of breaking

up a training episode into small, simple segments so that the student's
frequent experience of success can act as a spur, or "reinforcement,"

for further learning. This strategy is thought to be especially appro-

priate for pupils who have had frequent experiences of school failure.
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BASIC INFORMATION

ivogram n.rie: Individually Prescribed Instruction-Mathematics (IPI Math)

-'c'inat: A sequence of 359 instructional objectives with a student skill
booklet for each.

Uniqueness: Completely self-paced instructional system of elementary
mathematics based on behaviorally specified math "skills." Children's

work is assigned through "prescriptions" whicn the teacher writes for
each child separately, based on frequent testing to assess mastery of
skills.

ccntent: A continuum of objectives grouped into ten learning areas:
Numeration/Place Value, Addition/Subtraction, Multiplication, Division,
Fractions, Money, Time, Systems of Measurement, Geometry, and Applica-

tions.

Sugjested use: Complete curriculum for grades 1 through 6.

Target audience: Students of all abilities; grades 1-6.

Length of use: Daily math period for six years.

Aids for teachars: Set of training materials including three training
manuals, two student case studies on audio cassettes, and a filmstrip

with accompanying tape.

Date of' publication: 1972.

Director/developer: Robert Glaser/Learning Research and Development
Center (LRDC), University of Pittsburgh, 160 North Craig St.,
Pittsburgh, Pa. 15213, and Robert Scanlon/Research for Better
Schools, Inc. (RBS), 1700 Market St., Philadelphia, Pa. 19103.

PubUsher: Appleton-Century-Crofts, 440 Park Ave. So., New York, N.Y.

10016.
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1. GOALS AND RATIONALE

1.1 Goals

How can one teacher effectivel:y teach 30 or more children, all with

different experiences, abilities, needs, cultural backgrounds, and rates

and styles of learning? For years schools have addressed the problem
of different learning speeds by "tracking" children into fast, average,
and slow groups, within schools or within classrooms. However, tracking

presents the injustice of being a self-fulfilling prophecy for slow-

startiqg students and it frequently results in facto segregation of

minority group students. IPI developers attacked the poblem by restruc-

turing 'Ole elementary classroom for "individualization." They designed

both an instructional program and a management system which permits each

child to work separately--as quickly or as slowly as he needs--within a

heterogeneou,...iy grouped classroom.

IPI attempts to respond to cnildren's differences in terms of their

learning rates only; the content and method of instruction are the same
for everyone, based on the theory of programmed instruction. Changing

the content of the mathematics which children learn, or loosening their

reliance on textbooks, are not goals of IPI developers. Nor do IPI

developers evidence concern for problem-solving behavior or for math

activities arising out of children's interests and natural environment.

The motivation for learning textbook arithmetic is expected to come
entirely from the student's experience of previous success--as measured

by frequent tests. Success on these tests is assumed to function as a

powerful reward. Developers aim to guarantee success by breaking the
curriculum into very small steps and insuring that no student ever has

to take a step that is wider than his stride.

This mastery of mathematics ir. small doses is an attempt to halt

the dismal history of failure for those children who have difficulty
learning arithmeticwho fall further an- further behind with each year

of school, and who steadily deepen.their conviction that they themselves

are failures. At the same time, IPI aims to loosen the brake which
slow-learning children place on average and high-achieving children.

The developers intend that their individualized program will enable

students of all achievement levels within the same classroom to experi-

ence success in math, liking for math, and respect for their own

abilities as students.

1.2 Rationale

Teaching machines and programmed textbooks, stemming from the work

of 8. F. Skinner in the 1950's, had indicated that a student could pro-

gress with little or no outside help through a sequence of learning
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experiences if they were arranged it order of gradually increasing dif-
ficulty and 1," the student could progress at his own pace. According
to this theory the student would be continually rewarded by the warm
feeling of success, however small, and this would act as a powerful
enough motivation to encourage him to tackle even difficult (or boring)
work. Most important, he would not be discouraged by repeated failure.
IPI developers had evidence that low-achieving as well as high-achieving
students could learn the same body of elementary mathematics so long as
it was presented in this way.

This programming theory rests on the traditional assumption that
there is one "body of knowledge" and that even young children can grasp
the logic of its division into separate subject matter areas--mathematics,
science, language, etc. Programming also depends on a new assumption
that learning technologists know how to break up a body of knowledge into
discrete component bits, and that they can arrange these pieces into
sequences of learning which are equally efficient for all learners. The
content of the training episode is seen as having less importance than
the method of transmitting it.

The combination of these theories results in the IPI rationale that
all children, regardless of their aptitude, inclination, or past achieve-
ment, can master the same curriculum, using the same instructional method
and materials, provided simply that each student is allowed to progress
at his own rate of speed.

However, IPI expands the theory of programmed instruction. The use
of programmed texts had permitted individualization within a grade level.
Our schools have been organized into grade levels so that certain skills
and topics are supposed to be covered in the first grade, others in the
second grade, and so on. Thus even if programmed instruction allowed
students to progress at different rates through the same grade, they all
had to start at the same point at the beginning of the .ext grade. IPI

developers therefore used systems theory to expand programming. They
developed curriculum sequences that ignored grade level boundaries and
extended instruction through all the elementary school years. With such

"continuous progress" the grading or grouping of students loses importance.
There is no need for special promotion, retention, homogeneous ability
grouping, or other student sorting scnemes based on achievement.

In actually developing a total individualized curriculum, IPI applied
the principles of programmed instruction:

1. The objectives to be achieved were spelled out in terms of
desired student behaviors. (Given two common fractions less

than or equal to 1, the student renames each fraction using
the least common denominator for the given pair and writes

, 4 , or between the given fractions to show their

relationship. LIMIT: c.ivr!n fractions having denominators

5 50.)
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2. The objectives were sequenced into a hierarchy with each

behavior building on the one before it.

3. Instructional materials were developed so students could

learn with little or no outside help. The booklets do the

teaching. Learning is measurable because it is defined in

terms of each student being able to demonstrate a carefully

stated behavior under carefully stated conditions.

4. Methods of Cagnosis were developed so that the point at

which the student enters the sequence will be most appro-

priate for him.

5. Each student works at his owr ,ace.

6. Since objectives spell out what a student must do

("demonstrate a behavior") to indicate mastery, booklets

were written as self-contained lessons explaining the

required behavior and requiring him to practice it.

7. Students are to receive immediate feedback on all work

done by taking frequent criterion-referenced tests. These

were written and included as an integral part of the cur-

riculum, each test keyed to the specific behaviors just

studied. From the tests, teachers also are to receive

the constant feedback they need to make new assignments

for each individual student. Teacher training materials

were written to teach the management system of the cur-

riculum.

8. Materials and procedures were modified on the basis of

feedback from users to improve effectiVeness.

2. CONTENT AND MATERIALS

2.1 Content Focus

IPI Math includes all those mathematical concepts which typically

form the program for first through sixth grades. The content is divided

into ten areas. Five of the areas deal directly with numbers and opera-

tions; two deal with measurement; another with money; one covers gvometry;

the remaining area is applications, which includes work on sets, functions,

graphs, and word problems which require more than one operation. The

major emphasis is on number and operations. Two-thirds of all the objec-

tives fall in these five areas.
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The ten areas and the number of objectives at each level are shown

in Table 1. There are no units in the areas that are blank. Six units

are divided into Part I and Part II, and are marked as such (e.g., A -

Numeration /Place Value).

AREA A B C D E F G

NUMERATION/
PLACE VALUE

15 9 14 5 6 7 4

ADDITION/
SUBTRACTION

17 12 13 10 4 4 6

MULTIPLICATION 4 7

DIVISION 3 4 7 9 5 6

FRACTIONS 3 3 6 7 11

MONEY 1 1 5 5

TIME 1 3 6 4 4 2

SYSTEMS OF
MEASUREMENT

3 6 G 5 5 6

GEOMETRY 3 2 4 6 4 2

APPLICATIONS 3 8 9 5 4 6

Table 1

2.2 Content and Organization of the Subdivisions

The ten content areas of IPI Math are developed at seven levels of

difficulty, A-G. Each "unit" contains one specific content area at a

defined level; for example, Multiplication-D. Each unit is composed of

a carefully delineated, hierarchically arranged sequence of skills to be

mvtered. These skills are stated as performance objectives.

A unit may contain from 1 to 17 skills. Each skill is presented

in a consumable student booklet designed to teach 1 instructional

objective. The back cover of the booklet is tne "skillsheet description
page," listing the objective and the contents of the booklet. The front

cover is the "prescription form," on which the teacher records the

specific assignments made.

There are four kinds of pages in each student booklet:

1. Review pages (marked "r"). These review a skill pre-
viously taught which is essential to mastery of this

objective.
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2. Teaching pages ("t"). These introduce new skills.

3. Summary paces ("s"). These include ali the behaviors

a student needs to master the

4. Curriculum Embedded Tests (CET). There are two in each

booklet. They are miniature posttests which measure

the mastery of the skill.

It is rare for a student to do every sheet within a booklet. Rather,

he does only what is necessary for mastery of that single skill. When

he has mastered all the skills within a unit, this is recorded on his IPI

student profile. Since IPI is a carefully constructed continuum of skills,
with each unit building on what came previously, the learner proceeds in

the system in a set order, completing all work at one level before moving

on to more advanced levels of any one area. For instance, the sample
student profile form in Table 2 shows the sequence in which this student's

instruction will progress.

AREA A B C D E F G

UMERATION/
PLACE MULE

1

ADDITION/
SUE1TRACTION

...

-....-.....

MULTIPLICATION 1

-..-- ......... .

E)IVISION

........ V
1 RAC . I IONS

MONEY I

TIME

1
i

c1s1re.c OF
MLA5 wpm 7

C'...0:4Eikv /./. %.1 10

APPYCATION.; i

ILINIMMIIIMINWIM.41100.m.1-- __
I/

KEY

ci, lu 4: Tr ,:- 1111 701
1,11:.ed

PlsoNnent Ma;; rr
1=77

Table
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2.3 Materials Provided

The student materials consist of 359 student booklets, 1 for each

instructional objective in the system. There must be enough booklets for
each child to have a fresh book for each new skill. In addition, there

are placement tests, pretests, and posttests, all consumable, and 27
optional audio cassettes for lessons in Levels A and B.

The student booklet is the primary instructional tool. If the

learner has difficulty in mastering a skill from this, the teacher must
supplement his instruction so that he can achieve mastery before going
on to the next bool6et in the sequence.

There are also materials designed to train teachers in the procedures
of IPI Mathematics and in techniques for individualizing learning. They
consist of a films rip, "Individualized Instruction and IPI," with an
.accompanying cassette tape, a second audio cassette, "Identifying Instruc-
tional Objectives," which presents two student case studies, and two
training manuals, Volume 1, Diagnosing and Prescribing for Individualized
';;J:puc!Zon, and Volume 2, Managing individualized Instruction.

2.4 Materials Not Provided

The developers say that supplementary textbooks or workbooks, teacher-
made skillsheets, audiovisual materials, and manipulative materials may
be needed. They should be keyed to the specific instructional objectives
in the IPI continuum. None of these is provided.

3. CLASSROOM ACTION

3.1 Teaching-Learning Strategy

IPI is a generalized treatment--that is, anyone ought to be able to
follow the same basic procedures for preventing or curing individual.
learning failures. Since it is based on the theory that the most common
reason for failure is that the student is told to learn new things before

he knows how to do the old things--tc divide before he can multiply--the
first strategy is to find out on a continuing basis what the student now
knows and doesn't know. This is called diagnosis and is done by tests
provided as an integral part of the IPI program. The second strategy is
to assign work which will produce the skills which were diagnosed as
missing. This is called pres,ription and is accomplished by the teacher
matching the pupil's test results to the IPI continuum of learning objec-

tives. The third strategy is the instruction itself. For the most part

this is to be accomplished by the student booklets--like a textbook which
has been divided into separate booklets for each skill. Within one class-

room every student can be doing a different lesson. The teacher adds
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instruction which she herself devises if the student booklet fails to pro-
duce mastery, as measured by the posttests in the booklet. When both the

student and his teacher beeome Tamil:or with toe IPI system, the student

is supposed to be able to move through the continuum at his own pace.

Six major steps are used by the teacher in planning each student's
learning sequence and guiding him through it.

1. The teacher must learn how to place students in the IPI
continuum of skills. The IPI placement test is the first

step. It is a general test, give' at the beginning of the
school year, which places a student in the urit and
at which he will begin work. There is a placement test

for all but the first level (Level A). Although teacher
judgment is important in deciding which placement test to
administer, a general range is indicated:

Grade Level

I B-when 7577
2 B, C

3 B, C, D

4 C, 0, E

5 D, E, F

6 9, E, F

The developers acknowledge that the system may be dif-

ficult for primary children. Reading is a prerequisite

for using the student booklets and taking tests. Cassette

tapes are available at Levels A & B for children who

can't read. The system must be understood before a child

can proceed independently. The teacher's manual suggests
that the teacher assign student booklets at the A level

and guide a pupil's work in them, using them as a model

to teach how the system operates. In addition, vocabulary

work is necessary. Students should be given placement

test B as they complete the A booklets or cassette tapes.

2. After placement, in a specific unit and level, an IPI

pretest is given tc Iasure the student's proficiency

in each skill in that level.

3. Next, the preseription of the student's learning program
within the level is made. The toachee uses the pretest

results to assign specific worK in the student booklet- -

whatever skills the test shows be lacking. in addition,

a learning setting is defined so that a student is told

whether to work in independent stedv, with a peer tutor,

or in a small gr:,up.
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4. Now the prescribed program must be implemented. Usually, a
student begins work independently, freeing the teacher for
tutoring and evaluating other students' progress. The
student booklets comprise the major instructional method.
Although teacher guidance may be necessary during a pupil's
introduction to the program, students are to learn primarily
from reading instructions and answering questions on the
prescribed pages in the booklet. Most of the time students
are expected to work independently in their booklets.

5. The teacher evaluates student progress on an ongoing
basis, using the feedback from the student's daily work
to write further prescriptions in the unit.

6. The final step is measuring the student's mastery of the
unit objective. When all the lessons prescribed in a unit
have been completed as indicated (including successful com-
pletion of the Curriculum Embedded Tests contained in each
student booklet), the appropriate unit posttest is giver, to
find out whether the learner is ready to move on to the
next unit.

Once they have learned the system, primary children are expected to
work in the student booklets in the same way as older children. In fact,
for all students, regardless of age, student booklet instruction is flexi-
ble only as to the pace at which they work. Booklets do not provide
different activities for individual learning styles at any level.

If paper-and-pencil exercises in the booklets do not produce mastery
of an objective, then other instructional materials are recommended. None
are provided by the system. The additional materials may be other texts
or workbooks, teacher-made exercise sheets, and audiovisual materials.
Manipulative devices are also suggested for each level. They are listed
on the front of the student booklet with which they are to be used. A
caution is stated with respect to manipulatives: "Remember, manipulative
aids are o.ly helpful if students know how to use them. Students who
don't understand their purpose will treat them as toys!"

Free-time activities should also be available for students who are
waiting for scoring or for new prescriptions. Activities are to be created
by the teacher to supplement or reinforce skills learned in the student
booklets. Suggested free-time activities include puzzles, games, open-
ended material. Another caution is made: "In selecting free-time activi-
ties it is wise to consider both the noise level and the amount of move-
ment involved."

3.2 Typical Lesson

It is math period for a class of 30 fifth graders. At the beginning
of the math time, two students pass out the IPI Math folders to each student
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in the class. Before work begins, the teacher introduces to the entire

class a new fraction math game she has set out for free-time activity.

After that, the students open their folders and get to work.

Five students are ready for pretests in new units. Two are working

in units at Level U, two at Level E, and one at Level F. Following the

written test instructions, the student working in Level D-Multiplication-

Pretest begins completing single digit multiplication problems; when

these are complete, he moves to six word problems. The next section

asks him to complete multiplication sentences and to develop a net.,

sentence for each part of an array. The final problems increase in

difficulty; the student multiplies a single digit and a three-place

numeral and finds the product when three numerals are multiplied. Two

other students have prescriptions which call for posttests, one for

Division-Level E, the other in Geometry-Level D. These seven go off

to the school materials center to get what they need and then return

to class and begin work.

Eight students find in their folders new prescriptions assigning

more work in the booklets in which they were working yesterday. They

begin work independently. Three other students return to work on material

they had started in the last math period. They are working in different

booklets and none is having difficulty. When they are done, they will

score them if they know how or they will go to the aide to have them

scored.

Peer tutoring is indicated on the prescriptions for two pairs of

students. A small group of four, all working on E-Geometry-4, is going

to watch a film loop on triangles in the library. When tney return to

class, they will work on a teacher-"lade skillsheet. The remaining students

are working with the teacher in measurement, after which they continue work

separately in their student booklets for G-Systems of Measurement-4.

One student has just cripleted the following page.
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When the teacher has finished the measurement work with the small group,

she answers questions of students who need help and writes new prescrip-

tions for those who have out up small flags on their desks to show they

are ready. Two students who were stuck had gone to play the new fraction

game while waiting for the teacher to be free.

At the end of the period, students hand in their folders, putting them

in one of three boxes. One box is for folders of students who need the

teacher to gii.o them new prescriptions for the next day; one is for those

still working on their prescription; one for those who have completed work

on tests or in booklets that need scoring.

3.3 Evaluation of Students

Ongoing evaluation of students' learning is an essential component of

IPI_. In addition to the placement tests and pretests, which determine the

student's prescription, IPI provides Curriculum Embedded Tests (CET) to

keep track of the student's progress as he works in one skill. -There are

two CET's in each student booklet, and they are prescribed when the teacher

decides that a student can probably master a skill. The posttest is used

to measure all the skills in one unit. It is similar to the pretest, but

not identical.

3.4 Out-of-Class Preparation.

Teacher. In daily planning, the teacher is primarily concerned with
management rather than preparing lectures, demonstrations, or designing

activities for students. If she has organized the use of time, materials,

supervision, and space before class begins, the teacher can give a lot of

instructional assistance to individual students. In order to do this, the

teacher needs to write all needed prescriptions before class, prepare all

supplementary materials and organize all supplementary texts and needed

manipulative aids so that they are accessible to students. She must also

plan students' activities--who will be working independently, who with

peer tutors, who in teacher-directed aLt!vities--and organize the space,

if needed, to accommodate the activities. In adJition, the teacher attends

planning sessions scheduled by the administrator at least once a week.

Student. There is no student homework in IPI.

3.5 Role of Other Classroom Personnel

Teacher aides are essential to the Functioning of IPI. During class

they are expected to score and recore the skillsheets and tests that are

not scored or recorded by the students themselves; help students read pre-

scription: or skilisheet instructions; assist students in obtaining materi-

als; help with classroom management if the teacher requests. Outside of

class, aides keep student files current; prepare any materials needed by

the faculty for planning sessions; organize, inventory, and order IPI

instructional materials. Aides do not tutor or teach students. A guide,

Aiding JP! Nathemt-Lcs - A Manua; f.P 14-1 MUematica,

clearly defines an aide's responsibilities.
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4. IMPLEMENTATION: REQUIREMENTS AND COSTS

4.1 School Facilities and Arrangements

IPI can be used in any school setting (self-contained classrooms,

open-pod schools, etc.) and student grouping arrangement (graded or non-

graded classroom). Some place is needed for storage of IPI materials,

but whether this be in the individual classroom or in a central place

for use by all classes is a school decision.

4.2 Student Prerequisites

Reading ability is a prerequisite for a student to use IPI, except
where audio cassettes are provided at Levels A and B.

4.3 Teacher Prerequisites

IPI teachers do not need special mathematics background. However,

they must receive training in the use of the program. This training is

left to individual school administrators. IPI has produced two training

manuals, a filmstrip with an accompanying audiotape, and two case studies

on cassettes for teacher inservice.

The film strip and tape introduce teachers to IPI's view of individual-

ization and workings of the IPI system. The manuals, aside from presenting

detailed information on how to use IPI Math, attempt to trouble-shoot prob-

lems that may occur.

4.4 Background and Training of Other Classroom Personnel

Teacher aides. Training for teacher aides is essential. The responsi-

bility for tnis lies with the school administrator; a training manual is

available.

Administrators. Training of the school principal is required when IPI

is introduced. The publisher pays for a three-day training session provided

at various sites throughout the United States, but principals must provide

for their own transportation and accommodations. The number of administra-

tors eligible for training from one school or district depends on the

number of students using IPI Math, as follows:

Enrollment Trainees

150-400 1

401-800 2

801-1200 3
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4.6 Demonstration Sites

The following are schools where IPI training for administrators is

conducted;

California: Mariners Elementary School
2100 Mariners Drive
Newport Beach, Ca.
Earl Bjelland, Principal
phone: (714) 646-4835

Florida: Oakland Terrace Elementary
2010 West 12th Street
Panama City, Fla.
Paul Boswell, Principal
phone: (904) 763-2252

Georgia: Lake Park Elementary School
Lake Park .

Valdosta, Ga.
Charles Bethea, Principal
phone: (912; 559-5153

New Hampshire: Paul A. Smith Elementary School
Lawndale Road
Franklin, N.H.
Robert Ross, Principal
phone: (603) 934-4144

New Jersey: Allenwood Elementary School
Allenwood Road
Allenwood, N.J.
John Gasparini, Principal
phone: (201) 223-9858

Texas: Lincoln Elementary School
1319 E. Lovett
Edinburg, Tex.
Andrew Lopez, Principal
phone: (512) 383-4994

Washington: Midland Elementary School
2300 105th Street, East
Tacoma, Wash.
I. B. Eliason, Principal
phone: (206) LE7-0211, Ext. 297
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5. PROGRAM DLJELOPMENT AND EvALUAl ION

BEST COPY AVAILABLE

5.1 Program development

During the school year 1963-64, the Learning Research and Development
Center (LRDC), at the University of Pittsburgh, and the Baldwin-Whitehall
Public Schools of suburban Piti.sUurgh initiated an experiment to investi-
gate the feasibility of converting an entire K-6 school to a system of

individualized instruction. The passage of Title IV of the Cooperative
Research Act provided the funding needed for beginning this cooperative
project at the Oaklvf School. LRDC served as the major initiator of IPI
Math products, installing them in Oakleaf during the 1965-66 school year.
Appleton-Century-Crofts Publishers secured a copyright on the early ver-
sion of the IPI Math materials as tney were being tried out in the Oakleaf
School, and also contributed expertise to the later production of materials.

In 1966, Research for Better Schools was founded as the regional educa-
tional laboratory for Eastern Pennsylvania, Delaware, and New Jersey. One

of its initial efforts was to take 1PI Math from its beginning stages in
Oakleaf School to its instal:',tion in more than 300 scnools around the

country.

In the 1966-67 school year, IPI Math was instituted in five demonstra-

tion and development schools. Staff from these schools were trained in
the summer of 1966, and during the schuol year several thousand visitors

saw IPI being used in these five schools. RBS staff visited teachers in
the demonstration schools at least once a week for feedback on changes

required in the materials. Information was gathered from student perfor-

mance on IPI tests, classroom observations of procedures and attitudes,

parent, student, and teacher interviews, time needed for students to move

through the program, and standardized tests.

During the summer of 1967, several activities were undertaken by RBS,

LRDC, and Appleton-Century-Crofts. The materials for use in the 1967-68

school year were being plhliehad by ACC. These represented the first

major revision of the IPI materials. They reflected many revisions in

sequencing of skill objectives and in format, which had been made by staff

members of LRDC and RBS, along with teacher:. in the 5 demonstration

schools. Also RCS began a pilot test of, the materials in 15 other schools.

Materials were continually revised according to feedback received

from operation of the program in the pilot schools. Changes were always

tried out first in the 5 demonstration schools, where almost continuous

contact with RE'S staff was maintained. When changes were effective, they

were sent out to the 15 pilot schools, where less frequent contact was

maintained. Changes in the materials continued until the final commercial-

ization of IPI Math in September of 1972.
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A new version of IPI, Individualized Mathematics, incorporates and
stresses the use of manipulative materials, including Dienes blocks and

number lines, at all levels. Because addition of manipulatives increases

the cost of the program, developers plan to prescribe some manipulatives

and make others optional. While inclusion of manipulatives is the major

difference between IPI and Individualized Mathematics, developers have
also attempted to break the tight sequencing of IP' by providing alterna-
tive sequences of units. Although teacher training materials have not

yet been developed, a representative from Research for Better Schools

says that teacher materials will be based on a teaching mode similar to

that used in the programmed student booklets. During 1973, materials

were field tested in several first and second grades; because additional

funding was not recejyed, further development and field testing has been
discontinued at RBS. A representative from Learning Research and Develop-
ment Center notes that a publisher is interested in distrihuting the pro-
gram, but no firm plans for commercial dissemin4tion have yet been made.

5.2 Developer's Evaluation

The .IPI evaluatien program has been geared to assessing the objec-
tives, operation, and degree of implementation of IPI in the demonstra-
tives and pilot schools. In the early stages of IPJ, evaluators were also
functioeing as developers and disscminators of the program. Their role

in refining the curriculum and management system was difficult to isolate

from their role in developing it. RBS published the second progress

report on IPI in March of 1971. This coraains references to more than

30 studies conducted from 1966 to 1971 by LRDC, RBS, and participating
school personnel, whose goal was the improvement of IPI Mathematics.

Several sources were used to gather information. The first was data

from student performance on all IPI tests -- placement tests, pretests,
posttests, and Curriculum Embedded Tests. Data on students' rates of
learning was collected by recording the time required for students to pro-
gress from point to point in the sequenced continuum. Classroom observa-

Lion was used to examine teacher, pupil, and teacher aide implementation

of desired procedures. Conventional instruments were also used, such as

student attitude inventories, parent interviews, pupil interviews, teacher

ratings. In addition, results of standadize.' achievement tests were

sometimes used.

5.3 Evaluation Results

Since one feature of IPI is that it is being .;ontinuously modified

on the basis of student performance data, it is not intended to become a

fixed program which can be given a final assessment. Therefore, any

evaluation is seen by IPI as a description of what results have been pro-

duced at a particular stage of the program. Chan'es in the system have

resulted in a general increase over time in student performance on IPI

objectives. This is seen as an irjication of IPI effectiveness.
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Reporting results of student performance on standardized tests is

seen as merely describing how IPI students working in a particular type

of school in a particular type of community do on whichever tests are

typically given in that school. They are not seen as an evaluation of

IPI effectiveness because standardized tests do not measure student

mastery as defined by the instructional objectives of IPI Math. RBS

reported more than 25 studies which compared standardized test results

of IPI students with non-IPI students in the same schools. There is no

consistent pattern of IPI or non-IPI students performing better on the

skills measured by standardized tests.

RBS did report that their findings in the affective area indicated

that IPI students have a positive attitude toward school and learning,

and demonstrate a change in social behavior. Also, parent reactions were

reported to be positive.

In an overall sense, IPI is able to claim that by using the system,

students will achieve nastery of the instructional objectives as defined

by the system.

5.4 Independent Analyses Program

Because of IPI's school-wide scope, its renown, and its reliance on

programming and systems theory, IPI has been the subject of intense

interest and many independent studies and commentaries. Those studies

that involved comparisons on standardized tests in general indicated no

significant differences between IPI and non-IPI students. Findings in

the affective area varied, with some reporting IPI students' self-concepts

seem higher (e.g., Sandvick - An Evaluation of IPI [Math] Procedures,

Carmen School, 1968-70, Waukegan School District 61, Illinois), and

others reporting the contrary (e.g., Ms. Karfn R. flyers - The Self Concept

of Students in Individually Prescribed Instruction, Center for Innovation

in Teaching the Handicapped, Indiana University, April, 1972.)

Most prominent have been analyses which express concern over the

erfects of the IPI system. One argument has been that the interpreta-

tion of individualization by IPI has concentrated on individualizing

the pace at which students move through the system while little

attention has been given to children's varying learning styles.

Rodney Tillman, Dean of the School of Education at George Washington

University, opposes the IPI program for being based on a "what they should

be taught" approach, rather than on a child-centered approach based on

"observation of how children learn."

The actual name of the program leaves me with concern.

Usually we associate prescriptions with sickness, and

while it may be helpful to "prescribe" for those unable

to function in a normal manner the prescription approach

for all children leaves much to be desired.1

121



A challenge of IPI's assumptions and performance arises from
a University of Illinois study in which fifth- and sixth-grade Urbana
students, who had used the IPI program since first grade, were given in-

depth clinical interviews in 1:ne style of Piaget to assess their under-

standing of basic arithmetic concepts. Stanley Erlwanger concluded that
these students, who are successful according to IPI criteria, reveal a

basic misunderstanding of arithmetic.

The insistence in IPI that the objectives in mathematics

be defined in precise behavioral terms has produced a

narrowly prescribed mathematics program with a corresponding

testing program that rewards correct answers only, regard-

less of how they were obtained, thus allowing undesirable

concepts to develop. . . Through an over-relii.nce by the

teacher and pupil on the adequacy of IPI, and through the

highly independent study by the pupil, the teacher is
prevented by her oerception of her role from understanding

how the pupil learns and what he thinks. The rigidity of

the IPI structure and its programmed mode of instruction

discourages the use of enrichment material, and tends to

develop in the pupil an inflexible rule-oriented attitude

toward mathematics, in which rules that conflict with

intuition are considered "magical" and the quest for

answers "a will goose chase."2

Eugene D. Nichols, Director of the Department of Mathematics Educa-

tion at Florida State University, comments on the problem-solving goal

of education in relation to individualized systems.

There are Imo essential ingredients in the educational
process which are necessary for teaching individuals to
face novel problem situations: (1) the face-to-face

discovery process--a back-and-forth encounter between .

a mature mind and a developing mind, and (2) a "room

for disagreement and questioning" attitude nn the part

of the learner. No individual system in existence today

has these features built into it. Furthermore it cannot,

because a mind-to-mind confrontation leads to the unex-
pected, and that cannot be mapped out in advance.3

Alvin Hertzberg and Ed tard Stone, elementary school principals who

are proponents of the open education methods practiced in British primary

schools, analyzed the IPI approach in Schools Are for Children in 1971:

Just as the textbook sequence will not fit each child,

the programmed sequence will not fit each child. At

its worst, this mode of instruction pays little atten-

tion to principles of child development; at its best,

it directs its energies to the realization of an

achievement goal without taking into account many other
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BM COPY AVAILABLE

vital interests and attitudes of the child, and without

proper concern for the many individeali:oo ways of

learning.

Underlying the concept of a fixed scope dnd sequence in

curriculum are essumptionr. that all children must be
exposed to a set body cf knowledge, that there is a
basic amount of information to cover, that Lhere are
required skills which must he taught it a certain

order, and that all children shouli: learn the same
things in the same way, and often in the same amount

of the. But are these assumptions valid.4

It is important to note that developers have initiated a new

version of IPI.' In this version, Individualized Mathematics, they

have attempted to break th tight structure of IPI by providing alterna-

tive sequences 4f units. The new program also incorporates the use of

manipulatives.

5.5 project_Fundina

The following i0ormation was obtained frcm a January, 1972 report

done by the American Institutes fur Researci- in the Behavioral Sciences

under contract to the Ofiice of Education.

Funds for the developJent of PI Math have corle from four basic

sources:

1. U.S , Office of Education, through funding the

University of Pittsburgh Learning Research and Development

Center, and throagh funding to tne regional laboratory

for Pennsylvania, 1:elaware, and New tier5ey, Research

for Better Scheas, Inc.

2. The University of Plti,sburgh, with additional grant
and contract support from toe Andrew 4. Mellon

Educational and Tharitable Trust, the Carnegie
Corporation of E4 'lurk, Lie Ford Fcurdation, and
the Office of Nlval Resea,c.

3. Funds from trio Da",dviin-Whitehall School Uistrict.

4. Considerable develo;,;oental monies provided by the

Appleton-Century-Crofts Publishing Company.

5.6 Project Staff

Tne Learning Research and Development Center of the University of

Pittsburgh (LRDC) and Research for Better Schools, Inc. in Philadelphia

(RBS) have cooperated in the development and progress of IPI since

123



June 1966. Robert Glaser of LRDC was the major source of tne develop-

mental concepts of IPI. Other key personnel at LRDC include: John

Bolvin, Director of the IPI Project, C. L. Linvall, Associate

Director, William W. Cooley, Co-director, and Glen Heathers, Lauren

Resnick, Richard C. Cox, Joseph I. Lipson, John L. Yeager, and Richard

L. Ferguson.

At RLIS, major responsibility for IPI has been held by James W. Becker

and Robert C. Scanlon, Executive Director and Program Director, respec-

tively. Both of these men received their initial contact with IPI while

employed by public schools in the Pittsburgh area.

Also, personnel of the Baldwin-Whitehall School District of suburban

Pittsburgh cooperated in the development of IPI, including W. R. Paynter,
Superintendent.
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u!ov;cing h, en:- Lk: !-:c71:r. claJematcs are all

at diffeve L!4;; tivough oycled.

is an outgrowth of the curriculum

developments of te 196C's 'Aich produced Indlvi,ivally PreacvLed

fnstvw.t):-!. iMS is corpolete program reorganizing the traditional

elementary matievatics cL:rriculum into a sequence of 393 behavioral
objectives anil providing i:Istructional materials and tests so that
students can prrAire:s througe the system at their own rate--not affected

by their gradP lev21 by the progress of other students. But IMS has
several featura:; wnicn di-Ailiguish it from IPI. its predecessor. There

is a vdriety fo. 01Fouetierli materiui:, incluaing paper-and-pencil
exercises but :1!,e aeLYJ: 1...s!..ons using manlpulative materials. The

lessons are not in ( :or;.071:1:Th, bcoklati Out on approximately four thou-

sand large, illustrat !dminated worksheets, which are reusable by

other students. !4-otr:Ffas ..!,21'e not des ioed to be "teacher-proof";

the developers stnsF,ed -hlt t:ie teacher was to be not only the manager

of the children's *, through :ystem but also the provider for

each child's 4ndividuP.1 bp./.. of learning.

Developeti by ed..ieet.lon4! t.echnologists at the regional educational

research laboratoey DJOaq,, North Carolina, and field tested in
Carolinas and VIrginia ele,7,;rooms, IMS is a complicated, comprehensive

mathemat'..s rt .:.:::;;;Hbe; a peeeise instructional sequence to

be followed, but a!so atteftti to inject more teacher-pupil and pupil-

pupil interaction into t'le r),)grahmed curriculum.
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BASIC INFORMATION

Program narle: Individualized Mathematics System (IMS)

Format: Series of 3,994 instructional activities organized into 11 con-
tent strands. Each strand is divided into 9 levels of difficulty.

Uniqueness: Individualized instructional system. Plastic laminated work-
sheets used at Levels II-IX. (First-level lessons are in 11 consumable
booklets.) Use of teacher-supplied manipulative materials with some
lessons.

.::ontent: Concepts and operations of mathematics organized into strands
of numeration, addition, subtraction, multiplication, division,
fractions, applications, money, time, measurement, and geometry.

Suggested use: Complete curriculum for grades 1 through 6.

Target audience: Students of all abilities, grades 1-6.

Length of use: Daily use, 30 to 45 minutes, for six years.

Aids for teachers: Systems Management Guide. Inservice training course.

Date of publication: 1973.

Director/Develypt!r: The late Frank Emerling was the principal developer.
After May, 1970, development was completed under the direction of
James W. Knight at the Center for Individualized Instructional Systems,
a division of the National Laboratory for Higher Education, Mutual
Plaza, Durham, N.C. 21701. (919) 688-8057.

lUblisher: Ginn and Company, Division of Xerox Educational Services,
1901 Spring Street, Lexington, Mass. 02173..
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1. GOALS AND RATIONALE
BEST COPY WHAM

1.1 Goals

IMS comes out of the 'bre,Ak the lockstep" movement for individual-
ized instruction, which sought to give the_feelings of success to both
slow and quick learners in the same classroom by differentiating the
pace at which they learned Lit not the quality of what they learned.

7:?,;.-ru:!,enr71--(see page 101) is the
iuediate forerunner of IMS.

Believing that low achievers are neld back by feelings of failure
as much as by low ability, the pioneers in individualization sought to
design instructional vograms which would give these students experi-
ences of success and exJ1d prove to their teachers that so-called slow
students could master the same content as average and bright students.
Each student was to be freed not only from his fellow students but also
fron dependence oo tno teacher. He was to work through the curriculum
at his own speed. doing a new lesson only when a short test proved he
had mastered tne prerequisite material. It was expected that if the
student gained his eypeience of success by comparison with his past
work, not by comparison with his fellow students, he would greatly
increase his incidence of success and his motivation to continue
learning.

The first individualizers took for granted that there is a single
body of mathematics which all children should master, and that the cur-
riculum writers understood the mental processes of mathematics well
enough to be able to specify a "hierarchy of competencies" which all
learners should pass through- -each at his own speed. IMS developers
shared these belle. However, IMS developers judged that IPI lessons
didn't provide students enough variety in style of learning, so they
sought to add more choices as to skills could be learned. They
did not leave open to teachers or students the choice of what was to

be learnea or .;'i?p7; all students were expected to master the same
content in the same order.

Early experimehts with irdivdualization showed that a class pur-
suiny many individual lea.rnind paths could become a wilderness in which
edch solitary 1:.:arnc!r trudged on oithin sight and earshot of companions
but isolated by siryular task. Thus another major goal of IMS was
to bring the student into closer toech witn the teacher, who could act
as a tutor, and to help the teacher bring individual students' paths
together Troia time to time by meanc of group instruction and partner
or ,mail- grouo
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IMS developers set out to improve the model established by IPI in

the following ways:

1. To reduce the verbal content of students' lesson materials,

2. to make te printed materials attractive to children and

relevant to their everyday experiences,

3. to include a variety of instructional styles offering
different avenues to learning,

4. to give teachers a more creative role,

5. to develop efficient installation plans and classroom
management techniques, and

6. to lower costs substantially.

Using IMS, students are to (a) master the learning objectives in

the sequenced continuum, (b) proceed through the system at a self-paced

rate, (c) become responsible for their own learning and achieve an

enhanced self-concept. The mathematics to be learned is similar to that

presented in traditional math programs--mainly number concepts.

1.2 Rationale

The thinking which produced IMS is a combination of recent ideas

about the way people learn coming from two divergent directions- -

behaviorist and developmental learning theory. First of all IMS is

based on the precepts of behavioral psychology and systems theory.

Educators and learning psychologists committed to these ideas believe

that any teaching task can be accomplished oy breaking subject matter

down, ordering it into a sequence of component bits, and administering

each bit to each child separately. This way the student digests only

one bit at a time--and in his own good timeand receives a reward

(success) with al:nst every bite. This procedure is expected to

guarantee that the student never encounters a learning task that his

mind is unprepared for and also that the student forms a habit of

s.tccess and a self-image as a learner. Systems technology, derived

from very large and colplex engineering and managefflent enterprises, is

applied to educati,A k!ay of t.eeping the separate learning bits

firmly attached to a whole rix-year curriculum, as well as enabling one

teacher to keep track f the separate learning paths of a classroom of

students all working en differolt lessons. The expected pay-off for

this whole procedure is that the sl.:w studcnt should be able to master

the same kepwledge as the bright one, not a watered-down version.
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Although IMS is basically an application of behaviorist programming
and systems theory to elementary mathematics, it also reflects recogni-
tion of some limitations in 'PI (IMS' forerunner) and a consequent attempt
to compensate for thew. IMS developers believed that children need to
like math for its own sake, not just for the reward when they are success-
ful. One key to enjoyment of learning was thought to be variety in ways
tc learn--more than paper-and-pencil exercises in a workbook. Although

they believed that each child should work at his own pace, IMS developers
did not believe the student should work by himself all the time. Most

important, they believed young children need to understand math concepts.,
through impracticd1 experiences with concrete objects before they are able
to work with abstract symbols like numbers and letters. In these respects

IMS developers were influenced not only by their own and teachers' obser-
vations of children's work with IPI but also by the learning theories of
developmentalists Jean Piaget and Zoltan Dienes, which began to influence
American educators during the years following the first enthusiasm for
programmed learning.

4

Piaget theorized that the child's most .ffici-ent (not just enjoyable)
path to abstract logical thinking is his gradually developing under-
standing of his interactions with objects, happenings, and people in his
immediately surrounding environment. Dienes designed material, that sewn

like toys but embody math concepts and thus can be used by teachers to
stimulate the growth of conceptual foundations for later work with
abstract numbers.

IMS developers added such experiences and materials to the lessons

in their continuum. however, it is important to recognize that IMS uses
materials to illustrate, activate, and make more interesting lessons
already prescribed, whereas other interpreters of Piaget consider that
there is no one continuum of behavioral objectives appropriate for all

children, and that prescribed schemes of objectives do not adequately
allow for the variety, complexity, and sophistication of children's
thinking.

2.1 Content rocu;

2. CONTENT AND MATERIALS

IMS present:, d mathematics curriculum for grades 1 through 6
which is comparable :11 content to modern textbook series. IMS arranges

the content into 11 topics, called "strands," 7 of which deal directly
with number and operations. Three of the remaining topics--measure-
ment, money, and tic - -also are based in number concepts. (Both

English and metric imsuoement systems are taught.) The last topic is
geometry. Sets, logic, statistics, probability, functions, graphs, and
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algebra--modern math topics taught in some recent elementary math cur-

riculums--are ihsent. The same content if, taught to all students.

2.2 Content ana Orcanization of the Subdivisions

The 11 topics in IMS are Numeration, Addition, Subtraction,

Multiplication, Division, Fractions, Applications, Money, Time, Measure-

ment, and Geometry. All are introduced at ti1C. lir-A-grade level and

taught in the order listed above. Within each topic, a sequence of pro-

gressively more difficult skills is to be learned, 393 in all. (These

are not the same objectives on which IP1 4i Lased, for IMS developers'

intent to reduce the verbal content of IPI lessons led them to re-

examine IPI's mathematical content as well.) These skills (stated as

behavioral objectives) are organized into 9 levels of difficulty.

Several topic skills at the same level comprise a unit; for instance,

Multiplication, Level V. All of the Level I units are taught in order

to the whole class at the same time. Beginning with Level II, students'

progress through units is self-paced but prescribed by the teacher on

the basis of placement tests and unit pretests and posttests. In Levels

II through IX d student may vary tne order in which topics are studied

only if the dilgnostic tests show he already possesses mastery of some

units.

Since IMS is an uninterrupted sequence of skills, and each topic

builds on the one above (see Table 1), the student starts filling in

the knowledge gaps which appear on his profile chart always by working

on the unit which is located in the topmost lefthand square in his

chart. For instance, the Student Profile Form below shows that this

child will be assigned to work on Division, Level III. After he masters

this he will huve to Multiplication, Level IV and work down the IV

column, skipping Money, Time, and Measurement but doing Geometry, before

starting Level V e; the top, Numeration. The program is always to be

used in this sequence.

r-

i:: i 11 I iii o., I V i vi vii

numumen xfX r < -r
Amy! 1,41, \ Y. X ):

U'j

1

MULT1HIC

DIV:SION X X [

FkACTIO:!S

ARPLICklINF

MONrY k Y. X X X

TIME

SYSTEMS
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1

GEOMET ,....RY X X X L._
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2.2 Materials Provided

Student. Level I materials consist of 11 consumable paperback

Skill BoTTits, 1 For topic. These are workbooks for student
practice of skills taught by the teacher to the whole class. For Levels

II through IX, there are 357 Skill Folders, each containing from 6 to

20 separate instruction] pages. There are 4 different kinds of pages

in each folder:

1. Guidelines. These state the objective to be learned,
list the workpeges and their content, and indicate
the vocabulary that should be learned and special
materials that are needed. Guidelines are a summary

of the folder's contents.

2. Workpages. There are three different kinds of work-

pages: teaching pages present the concept; practice
pages proeide for using the concept; extension pages

provide for Psinu the concept in combination with a
previously learned skill.

3. Check-tests. There are two in each Skill Folder.

They are miniature postteste.

4. Activity pages. These are assignments for projects
or games giving the student experience with a skill.

Activities may be for one child, partners, or a group.

The worksheets are color-coded so that each topic is identified by

one color throughout the system. Each worksheet is plastic 1.aminated.

and students mark on the plastic with special 1MS pencils. After the

student completes and checks hi!: work with the answer keys, and records

results, he wipes the sheet clean and returns it to the storage cart.

Thus one set of materials stored centrally is sufficient for a whole

class. Included in the central supply are consumable placement tests,

and unit pretests and posttests. Each child has a folder of his own,

which contains his pupil profile, prescription form, and work that is

current.

Cartoons and drawircs are used wherever possible, both to make the

program appealing to chl)iren and to minimize dependence on reading

skill.

Teacher. The teacher's basic resource is the Systems Management

Guide, a 176-page bound volume describing the complete program and pro-

cedures and including samples of student materials and forms. The

Guide also contains directions for teaching the lessons, called "seminars,"

which comprise all the instruction at Level I, and which provide a large-
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group mode of instruction, offering reinforcement and practice, at the

end ut each unit in Levels II-IX. The teacher receives duplicating
masters for student profiles, prescriptions, and class profiles. A

mobile cart, to store materials for 100 students, is available.

2.4 Materials Not Provided

Manipulative materials are called for throughout IMS. All materials

are to he provided by the teacher. A suggested materials list divides

materials into four classes:

1. Supplies: general office an, school supplies, such as
crayons, tape, rulers, scissors, magnets, pipe cleaners,
etc.

2. Math materials to buy: specifically math-oriented

materials, such as blocks, centimeter rods, play money,
inch cubes, etc. Suggested vendors are noted, and
those materials essential to IMS are starred.

3. Materials to make: includes number cards used in
activities, number liies, transparencies for overhead
projector, etc.

4. Materials to bring from home: coat hangers, egg

cartons, paper cups, tiys, etc.

3. CLASSROOM ACTION

3.1 Teaching-Learning Strategy

The necessity to allow for the varying rate and state of ease with

which fast, slow, and average students within the same classroom will

master the same objectives causes the abandonment of the technique of

whole-class lessons conducted by the teacher, and the installation of

educational technology to handle individualized instruction. This

technology consists of individual lessons presented by "self-teaching"

printed materials in a vcket, not bound in a book, plus a battery of

short tests telling when each student is to study which lesson. In

this system the teacher acts to teach students how to use the system

efficiently and as a backup to the system. The procedures are as

follows:

1. The Flacemenr Teat determines the level at which each student

should begin instruction in each topic. The student takes

the placement test only once, when he enters the program. The
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placement test is a pioced Ci2-page, eonsumable booklet divided
into Part I and Part II. Each part has a 10 to 12-minute
test For each of the li topics. Each student takes either
Fart 1 or 1I uf i,est. Teacher's are supposed to

correct thu placement tec,; themselves, .hereby gathering from

answers to individual test items mere precise diagnostic informa-

tion than the test _.cures alone reveal. The scores do tell the

student'e general competence level in each topic, and this

information is plotted on a 3-n4. ,.)11 for each

student.

2. Working from the peo'Jle, the teechee aseigns each student the
£.>reet for the first unit which shows up as unwastered on
his profile. Fur instance, ie the profile on page 109, that
pretest asegned woulr' be Multiplication, Level IV. The pre-

test res1.6ts show which skills, if any, within the unit the
student already knows, and thus can skip.

3. ppeeeeesteee arc: made erom the pr'et'est results. A prescrip-

tiun stare eith ap essigniiiont to learn the first skill missed
on the preLest, Uy studying a series ef .Jofkp:4gef!. As the

manager of the ch:id's learning, the teacher is responsible

for writivg the prescription, althouqh in the upper grades

students themselvvs can learn to do thi :. The teacher is

expected to know hoe each child learns 'Jest; how big a chunk
of workpages to erescribe at one time; and what kinds of work-

pages will ewst effective.

4. Work in a vvt,icr now gets underway. There are different

kinds of workpages appearing as separete, unbound sheets within

each folder: t%-:a0Ing pages, practice pages, extension pages,

checkup rests, and activity pages. The latter are projects

for one or more (..hiidri,m, providing e<perience with a particu-

lar skill just !earnud.. The student scores his own workpages

from the answer kny in thie IMS supply cart, and records his

results on his pre.icripijn form.

duHno hi wort, in a unit thn student participates in

a eee paiPs or teams of :students all

working en ';11r_ s...e unit. .pie task ie followed by a teacher-

led eeoup about the generalization$ that can be

derived ft )ii. the

6. When the ste6ent euceessfully completes all the checkup tests

for all h r. ski!ls the teacher /els! peencrieed for unit mastery,

he can take thP unt PL.,0,t-tr. If the test shows incomplete

mastery, the thu su6ent back to workpages in the

Skill Folders pea teltoring, or tutors him herself.



When mastery is achieved, the child records this un his pro-
file and begins the cycle over again by taking the pretest
for the next unmastered unit on his profile.

IMS intends to acknowledge different learning styles and stages in
children, and so offers five different learning styles in the lessons
appearing on the worksheets. Teachers should know which of these styles

best fits the student in order to prescribe the most suitable workpages.

Lesson Style 1 The child works by manipulating real objects.
Workpages of this sort use drawings rather
than words to indicate to the child what
is needed. Most of these lessons appear in

Level I.

Lesson Style 2 The child works with perceptual materials.
Drawings of objects, charts, or various
shapes and forms are presented on workpages
as representations of numbers.

Lesson Style 3 The child works abstractly. The workpages
in this category present numbers and symbols.

Lesson Style 4 The child participates in activities--on
his own, with a partner, or in a small group- -
which require him to use a mathematical skill
to play a game or carry out a project.

Lesson Style 5 The child participates in teacher-directed
group projects, games, and discussions, which

require him to use the skill and then to think
and generalize about it in words.

Descriptions of IMS maintain that the curriculum provides opportunity
for "open-ended" or "problem-solving" activities, but the behavioral
objectives in the continuum do not stipulate such kinds of learning.
Activities described as open-ended are not presented as challenges to the

child's own inventiveness but as tasks leading to a given behavioral
objective although they do offer some options as to the manner in which

the objective will be reached; for instance, the numbers which will be

used. The program does not encourage students or the teacher to devise

problems from the local environment or student interests which could

be solved by the use of math.

Although the IMS developers strongly stressed the need for the
teacher to use his or her own instructional ideas and knowledge about

individual students to enrich and supplement the system, the Ginn
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published version gives no special encouragement to nonsystem activities.
If a student comes up short on a posttest; for instance, the only means
of help suggested are a return to the workpages, peer or teacher tutoring.
Even though the IMS developer:, believed that too rigid interpretation of
the program trould cause student boredom and that teachers should not
assume the materials would do the teaching for them, the publisher's pro-
motional materials convey the impression that the system is considered
all-providing, and teachers' own ideas or judgments should be brought
into play only as a last resort:

The exception to this impression appears in Level I, in which the
manner of instruction is turned around: group projects and teacher-led
"seminars" emphasizing work with manipulative materials come first, and
individual student work in booklets follows. These seminar lessons are
out in the .::listems 'Alnaciment CuLle. By the end of Level I students
are expected to be ready for transition to the pretest-prescription-
workpages-posttest cycle of instruction.

Worksheets provide a consistent set of pictorial rather than verbal
instructions. Thus it is believed that students with reading problems
will not be penalized in their learning of mathematics.

3.2 apical Lesson

Math period begins for a class of 30 8-, 9-, and 10-year-olds.
Each child gets his or her math folder and begins to work.

Four children are all working in Numeration, Level IV, each with
a prescription assigning different workpages within this unit. Never-
thelcss, as all have been working several days in the unit, this is a
good time for the teacher to pull them together for a "unit seminar"- -

a team game explained in the Systems Management Guide. The students
to turns drawing number cards (numbered from 0 to 250) from 5 packs
of 3 cards each. They place the cards from each pack in order and
record the order for each pack. After they finish this task the teacher
conducts a discussion with the children around questions suggested in
the Guide: "How did you decide if the numbers were in order? Which
digit should you look at First?" Etc.

Meanwhile, rWo students who are ready for posttests, one for
Fractions IV and the other for Money V, go to the materials cart to get
the tests am take them. Fcur other students who yesterday scored
mastery on various posttis are taking pretests for the next units on
their profiles.

Six students are working on laminated worksheets they started
several days ago. They are all working singly, each in a different
Skill Folder. Two girls <,re scoring their posttests, one in Numeration
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V and the other in Division IV. The latter discovers she has not passed
and goes to the teacher for a prescription calling for a repeat of some
workpages and then a session with the teacher. The other girl passes her
Numeration V posttu;t and bosths the IMS cyck: ,Igdin with the next unit

on her profile, Multiplication V.

Seven other students received new prescriptions today in units ranging
from Levels II to VII. They all work independently. For instance, Jim is
doing a "skill 2" worksheet in Measurement III, which calls for him to use
a ruler to measure distances between points on a "pirate treasure map" and

then convert the total distance from "start" to "treasure" into miles,
according to the scale given on the mop. Jim's best friend, Peter, is
taking a checkup test on "skill 2' in Money V. The worksheet shows pictures
of items with pricetags on them, and adjacent picture:; of coins, and asks
how many coins are needed to purchase the items. Two more students have
prescriptions to work together on a game matching multiplication factor
cards (for instance, the card 68 x 34 is matched with the card 34 x 68).
This is an activity page for "skill 2" in the Multiplication III unit.

After conducting the Numeration seminar the teacher tutors -i.avo children

in Multiplication IV.

3.3 Evaluation of Students

The entire IMS system depends on testing, which is called for at
each small step along the continuum. All test items are derived from the

behavioral objectives in the 1MS continuum; In addition to the placement
test, pretests and posttests, there are two or three checkup tests within

each Skill Folder. They are supposed to indicate whether a child is under-

standing the workpages in a unit as he goes along. If he falls short on

the checkup he can go back immediately and redo the workpages. If the

student passes the checkup tests for all the skills in a unit, he can .go

on to the posttest. Mastery scores are indicated on each test: /5/6/

indicates that the test has six items and the student must have five

correct in order to pass.

3.4 Out-of-Class Preparation

Teacher. What the teacher has to do before class fails into the
areas of-67-6anization and inf;truLt:on, In terms of organization, the
teacher must do what is rif.:cssary for each child to have his work clearly

laid out. That means scor4nq any pages or tests that children can't score
themselves, writing all necessary prescriptions, arranging needed materials.
Instructional tasks include planning for group seminars for students
working in the same unit at the same time, and for tutoring.

Teachers involved in fi:;,A testing said that. IMS takes an enormous
amount of work at first, when students are starting to learn the system.
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This preparation time eases up as the year progresses and older students

assume responsibility for much of the mechanics of the system. However,

for younger children, more work is needed.

Student. There is no student homework in IMS.

3.5 Role of Other Classroom Personnel

Although Ginn makes no mention of aides in its promotional materials,

IMS developers strongly recommended aides without requiring them. These

developers suggested seven ways in which an aide could help:

1. Assisting in the administration of tests;

2. assisting in the scoring of tests;

3. assisting in the recording of test results;

4. helping to train students in the procedures of the system;

5. keeping weekly placement charts;

6. keeping track of supplies;

7. ordering materials.

Help may be essential when the program is starting. After the program is

underway, older children assume routine responsibilities. If younger

children are not able to do their own scoring and recording, help may be

necessary to keep the teacher from getting too bogged down in the mechanics

of the system.

4. IMPLEMENTATION: REQUIREMENTS AND COSTS

4.1 School Facilities and Arrangements

Since IMS is individualized, it is particularly suited for nongraded

classrooms. It accommodates a wide spread of ages and ability levels

within a single classroom. It can he used equally well in self-contained

classrooms or open-pod schools. It is not suited for teachers practicing

"open education," which calls for each teacher to create naturalistic

curriculum materials froM children's own experiences and interests.

School scheduling will depend on how much IMS material is available

in the school. Materials are sold in "Level Boxes" (all the tests and

Skill Folders for all the topics in a single level). A school with 100
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students in grade 3, whose students are performing at national norms,
needs three boxes of Level II materials for the third graders, four boxes
of Level III, three boxes of Level IV, and two of Level V. This supply
can be stored on a mobile cart available from the publisher. If this set
is shared among several classrooms, each class schedules math at a different
hour.

4.2 Student Prerequisites

There are no special student prerequisites for IMS. A student begins
the program at the unit indicated by the placement test.

4.3 Teacher Prerequisites

IMS teachers do not need mathematics background. However, they
must receive training in the use of the program. The publisher provides
attendance at a training workshop for two or three teachers in a school
adopting IMS. These teachers arP to teach the rest of the staff in their
school. Each receives a training kit sufficient to train ten other
teachers in the school.

Training and instructions focus on management of the system's
mechanics. No emphasis is placed on teacher presentation of lessons
except for beginners, and in the group seminars which terminate each unit.
The workpages are assumed to handle all instructional tasks except for
instances of a student not passing a checkup or posttest.

4.4 Background and Training of Other Classroom Personnel

While the publisher makes no recommendation for aides, presumably if
they are used, they should be trained along with teachers using the system.
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4.6 Demonstration Sites

The following is a partial list of IMS users.

California: Lee Mathson School
San Jose, Ca.

Indiana: Riverside Elementary School
Jeffersonville, Ind.

Massachusetts: Andover Public Schools
Massachusetts

Minnesota: Roosevelt Elementary School
South St. Paul, Minn.

North Carolina:

Texas: Marlin Independent School District
Marlin, Tex.

Winston-Salem/Forsyth County Schools
Winston-Salem, N.C.

Juvenile Achievement Center School
Waco, Tex.

5. PROGRAM DEVELOPMENT AND EVALUATION

5.1 Program Development

IMS is an outgrowth of an earlier systems approach to mathematics

curriculum, Individually Prescribed Instruation (IPI), developed by the

Learning Research and Development Center, University of Pittsburgh. In

1968 the elementary and secondary school division of the Regional Educa-

tional Laboratory for the Carolinas and Virginia in Durham, North

Carolina, began the project of making IPI manageable in a classroom

setting. The Laboratory is now the National Laboratory for Higher

Education and the completion of IMS was undertaken by a separate divi-

sion, the Center for Individualized Instructional Systems.

Some of the original staff of IMS had enthusiastically worked with

IPI, but they wanted to change it in several ways: (a) from sole reli-

ance on paper-and-pencil exerices to provision of several lesson styles;

(b) to reduce the program's dependency on student reading ability; (c)

to give teachers a broader range of teaching activities for each behav-

ioral objective; and (d) to improve classroom efficiency and cost effec-

tiveness of the system. As these aspects of IPI were considered for

change, the new format of IMS began to emerge. The program which started

as an installation of IPI became a major developmental effort as it

attempted to correct problems teachers experienced with IPI.
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IMS was a cooperative venture with school administrators and teachers

from the beginning. In order to keep the program responsive to schools'

needs, and to continue fitlancing for evaluation and dissemination after

the Office of Lducutiun ,jrcilit fur development expired, the Consortium

for Individualized Instructional Systems was established in 1970. The

Consortium inOuded 34 schools in the Carolinas and Virgina, plus the

state departments of education in these states.

Besides evaluating IMS the Consortium undertook to develop IMS-II,

an extension of the exit.ting IMS into grades 7-9. The basic philosophy

for IMS-II is the same; the format differs in that skills are clustered

into learning booklets, and lessons need not be taught in any one pre-

scribed sequence. The complete junior high program is to be ready by

fall of 1975.

5.2 Develoler's Evaluation

Preliminary testing was carried out during the 1968-69 school year

with 2,400 pupils in four schools. Eight schools and about 1,000 second-

and third-grade pupils began using IMS on an experimental basis during

the second half of the 1969-70 school year.

During the 1970-71 school year, more than 5,000 pupils in 23 schools

in the Consortium field tested IMS at all grade levels. The IMS Forma-

tive Evaluation Plan was drawn up in August of 1970 to determine whether

IMS had achieved the following goals:

1. Curriculum adequacy. The provision of a comprehensive set

of mathematics objectives suitable for a wide spectrum of

pupil aptitudes.

2. Materials effectiveness. The provision of attractive and

effective learning materials and teaching aids which

incorporate various alternative means of achieving

curriculum goals.

3. Cost-effectiveness. Achievement of low cost per pupil

compared with other available mathematics systems with

similar structure.

Specific areas to b: considered in this respect are:

a. Actual production costs and adequacy of

reusable materials.

o. The ewtent to which students can and do

assume responsibility for operation of the

system (thus reducing or eliminating the

need fur paraprofessional personnel in the

classruoirj.
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c. The cost and effectiveness of teacher
training required to implement the system.

4. Learning effectiveness. Pupil achieverieot and progress

within the system coolparable with or superior to that

obtainable under conventional teaching conditions.

Information about different aspects of the system was obtained from
questionnaires and surveys concerning teachers' opinions, from r°ports
by "experts" in the field of mathematics and from training records
gathered at IMS teacher workshops. In addition, student test scores

from four schools were collected on the Metropolitan Achievement Test
(MAT) in grades 1 and 2 and the Iowa Test of Basic Skills (ITBS)--
Mathematics in grades 3 through 6. Teachers were polled often about

materials they felt ought to be revised or which received unsatisfac-
tory student responses or reactions. Only Levels I through VI were

available for student use at the time of this evaluation.

5.3 Evaluation Results

The major concern of the evaluation was to obtain revision data to

improve the system. The evaluation was not chiefly concerned with com-

paring what is learned in IMS with, what might be learned in a conventional

curriculum. However, grade level scores on the standardized tests showed

that IMS students who had been six months or more below grade level at

the beginning of the year gained approximately one year. Average and

brighter students did not achieve a year's growth. This outcome was

attributed to the fact that brighter students spent most of their time

mastering below-grade-level topics formerly learned too superficially to

achieve mastery on the IMS tests .1

In 1971-72 a follow-up test of students who had worked exclusively

in IMS for two years was carried out by the developers. A group of 453

fourth-, fifth-, and sixth-graders in three Title I schools in the

Carolinas and Virginia were tested on the Iowa Test of Basic Skills, and

their scores were compared with the average scores of children in the

southeast region. The study concluded that over the two-year period IMS

pupils "made conceptual gains q. to consistent with (or slightly above)

children in the region."2

Changes in the design of the junior high provam (IMS-II) may

possibly indicate the developers' own judgment that the structure of

IMS-I is too rigid, although this is nowhere stated. The junior high

program now being developed presents groups of skills together in

"learning situations" instead of teaching one skill at a time as in

IMS-I. Developers say the expanded lessons make it possible to empha-

size relationships among math topics. Grouping topics together means

that strictly prescribed sequencing is not possible, and students are

not required to prove mastery in one topic before undertaking another.

Students are largely free to develod their own sequences of study.

These seem significant departures from the strict programming theory

145



BEST COPY AVAIIABLE

of IMS-I. Developers attribute these departures to the fact that they
are now designing for older students. Many observers would argue that
seeing relationships among math topics and forming their own sequence
for learning '.11011-kk is just as appropriate for elementary as for junior

high students.

5.4 Independent Analyses of the Program

None were obtained.

5.5 Project Fundinl

From 1968-71 funding was provided from the Office of Education grant
to the Laboratory for the Carolinas and Virginia. In 1971 support was
provided by school districts and state education departments in those
state; which were using IMS.

5.6 Project Staff

IMS was developed by the Center for Individualized Instructional
Systems, division of the National Laboratory for Higher Education.
Dr. Frank C. Emmerling, who died in May, 1970, was the prime developer
of IMS. J.W. Knight directed work to complete the project. Members of

the staff were Edward Bruchak, T. Jeffrey Cartier, Jerrie P. Charlesworth,
Evelyne Graham, William U. Harris, Kenneth B. Hoyle, Ellen M. Ironside,
Daniel C. Morton, Jack E. Nance, and Audrey N. Walker. Fred E. Holdredge

was the director of evaluation and development, assisted by Robert B.

Frary and Victoria Fuller.
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FOOTNOTES

1. Frary, Robert B. Formative Evaluation of the Individualized

Mathematics System (.CMS). Durham, N.C.: Center for Individualized

Instructional Systems, 1970. ERIC ED 059 096.

2. Fuller, Victoria. Evaluation of IMS-I, Follow-up Report. Durham,

N.C.: Center for Individualized Instructional Systems, 1972.
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For fifteen minutes to hal.;: an hour each week, students and

teachers view televised .4,,ij;;m0ic- programs. The lessons

serve two functions: they introduce new topics to pupils; at the same

time they teach the topic and model teaching methods to the teacher.

The televised instruction is thus designed for both teachers and students.

TV programs do not replace the classroom teacher, who retains responsi-

bility for daily instruction. On those days when students and teachers

watch the televised lessons, the teacher first prepares the students

for the broadcast, watches it with the students, and then discusses what

they have seen. For the remainder of the period, and for the entire

mathematics period when programs are not seen, students work with math

manipulatives and in Pi student Exercise booes. The teacher's manual

contains lesson plans coordinated with the ry pregrams.

PIA was developed between 1959 and 1969 when most teachers had

little background in new math but were required to introduce it into

their classrooms. Developers thought TV would make it possible for

large numbers of teachers and students to learn modern mathematics

together quickly and easily. Developers soon realized that PIA was not

a program that would cap'.ure an auoience over a long time period. The

districts tnat did adopt the program use it to introduce "new math"

to their students and teachers; after using it for a year or two most

districts switched to other mathematics curricula. In the 1972

Wisconsin R&D Center rievelopers note:

After teachers have used it (NA? for one to three

years and have mastered the "modern" mathematics con-

cepts, they tend to discontinue using the program.

Professor Henry in Engen, the principal investigator

and primary PTA developer hypothesized that this

pe.:tern of use would occur. PIA is a mass educational

approach aid is incompatie:e with the instructional

programeine model ior the individual student. Schools

do ru nave the equipment or money to purchase thq

video tapes for Tore flexible individualized use.

By 1972 developers at Wisennein Research and Development Center

were concentrating on 1 new program, Developing Mathematical Processes (DMP),

a mathematics curiculem for schools using Individually Guided Education

(IGO. A roorl, co DMP is included in this book. Distribution of PIA

was turned over to the National Instructional Television Center. A

field representative .:(e NT says that the program has never achieved
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widespread use. During the 1973-74 school year, the program was pur-
chased by only seven school districts or state departments of education.
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Z1 : Pattern,: in Arithmetic (PIA!

PIA of 333 15-minute television programs which intro-
duce the main iwics of a 1-6 curriculum in modern math.

Televia ion master teachers provide a model for teachers
while introdw:ing nim topics to children. Teachers design weekly
instruction aodnd one or two 15- minute: TV lessons.

' Arithmetic in a modern math context. Fundamental strands

include: sets, number, numeration system, operations, mathematical
senttnces, measurement, and gsomotry.

Cowpiote curriculum and inservice program for grades

ohd thooyn six.

-,aua:rva.:: Students of all abilities in grades one through six;

elementary 1.0Fiche..), one thruu0 cx.

Cf 4i;c: Four to rive hours per weeK. The TV lessons occur only
twice a week, for about 15 idinutes each time. These are lessons
which introduce new concepts and are followed by daily instruction
directed by the classroo teacher. Districts tend to use PIA fur

a year or two to introCuce "new math" and then switch to another

mathematics curriculum.

;;I'ja z,cac_44,.: Teacher's manual for each grade level.

!' vulatLfaton: Fall 1969 by television broadcast, fall 1971 by

vidaotapa reels.

t.ip,:!ta.p/Dkaci_apq,!-: Professor Henry Van Engen, University of Wisconsin,
Wisconsin Research and Development Center for Cognitive Learning,
1404 keyent St., iiiadison, Wis. 53106. (603) 262-4901. Developed

in cooperaLioh ,aith Tne 'Wisconsin School of the Air, WHA-TV.

National Instructional Television Center (NIT), Box A,

Bloomington, Ind. 47401. NIT reg!onal offices: Arlington, Va.;

Wauwotusa, Wis.; San Ilateo, Ca.; and Atlanta, Ga. Progiams may

also be available through local educational television stations.
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1. GOALS AND RATIONALE

1.1 Goals

The developers of Patterns in Arithmetic set out to construct a
complete curriculum in elementary mathematics that would present the

modern ideas of the "revolution" in mathematics since World War II.

In spirit and in body, the mathematics courses
(following World War II) were not those needed for
the further industrial and scientific growth of the

nation. The spirit of the old elementary mathematics
was too heavily loaded with computational devices

with too little emphasis on the fundamental ideas
of mathematics.2

The developers also sought to apply the findings of research about

how children learn math; for instance, the finding that spiral organiza-

tion of subject matter through several years is more conducive to
learning than long-term concentration on a single skill at a time; and

the finding that a variety of applications of an idea or a skill- -

including physical manipulations--in which mastery is not immediately

required, is more effective than drill.

Thirdly, the developers sought to provide major,immediate imple-

mentation of the new curriculum by insuring that districts would train

teachers in new math concepts and methods. Television could simulta-

neously teach the students and provide inservice training for their

teachers. The developers believed it could re-educate the huge staffs

of big-city school districts and the scattered staffs of small or rural

districts, "communicating the newer ideas in mathematics. . .and demon-

strating a change in the spirit of teaching the subject." This change

in spirit was defined AC letting children find out that mathematics

can be enjoyed.

PIA is expected to produce both cognitive and affective results

in students; that is, to improve their learning in math and their

feelings about learning. First of all, the developers intended that
children experience arithmetic as "new ideas": sets, natural numbers,

functions, integers, decimals as a numeration system. Students should

learn to compute--addition, subtraction, multiplication, division--in

association with these math concepts rather than as rote calculation;

and they will learn to apply computational skills in verbal situations,

and to translate verbal problems into mathematical sentences. Children

should encounter geometry in early years as experience with shape and

symmetry; learn to measure length, area,and volume; and get an intro-

duction to number theory and probability.
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The developers placed importance on the affective responses of

students to the curriculum. They believe that television is "intensely"
intecesting and stimulating to children and thus that televised instruc-

tion will in itself heighten children's initial interest in math. They

expect the discovery and conceptual approach will make math enjoyable

to children. "Children will enjoy this arithmetic because it is an

arithmetic of ideas. You will enjoy teaching it for the same reason."4

1.2 Rationale

The developers of PIA believed that the old methods of teaching

arithmetic were too drill-oriented and children were not being given
enough opportunity to learn mathematical concepts. Developers directed

their thinking toward determining what children should learn about
mathematics and how to stimulate them to learn concepts faster and

retain them longer.

Certain learning principles generated by basic research at the

Wisconsin Research and Development Center were r.rucial in construction

of the program. It was determined that a spiral organization of content

Was more conducive to learning arithmetic than a nonspiraled one. Thus,

PIA does not spend more than two consecutive weeks on any one idea or

skill. Instruction in the skills of addition, subtraction, multiplica-

tion, and particularly division is reintroduced throughout as many as

three or four years. This method is counter to the actual practice of

many classroom teachers who like to teach all of the skills of addition

of two- and three-digit numbers before considering other skills.

Research is continuously being carried out on questions such as

the effectiveness of sequential learning. Results have indicated, for

example, that the idea of one-to-one correspondence (matching) is more

Fueciamental than the idea of counting for young children. The program

lessons reflect this finding in the introduction of one-to-one corre-

spondence in the first lesson in first grade, before counting is pre-

sented. Thus, during the early stages of the program, PIA uses those

problems which have been found the easiest. The harder problems are

presented only when the children have mastered the basic concept.

2. CONTENT AND MATERIALS

2.1 Content Focus

Patterns in Arithmetic presents both srithmetic and geometry in

all six elementary grades. Nine key concepts thread throughout the six-

year course. They are presented in lessons which use television and

classroom demonstrations, classroom discussions of examples of the con-

cept from the students' daily .!s, and workbook exercises of both non-
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verbal and verbal problems. The key concepts and the topics which com-

prise them are as follows:

1. Sets. Sets, one-to-one correspondence, transitivity,

numerousness, conservation. The set idea is used in

teaching addition, subtraction, fractions, and geo-

metric figures.

2. Number systems. The natural numbers, the positive

rational numbers, zero.

3. Numeration systems. The decimal system. (Other systems

are introduced as enrichment for gifted pupils.)

4. Operations. Addition, subtraction, multiplication,
division, and the concepts associated with computing.

5. The mathematical sentence. Mathematics is a language

with unique ways to express its ideas. Emphasis on

formulating sentences clearly and on translating verbal

problems into mathematical sentences.

6. Measurement. Basic ideas of linear measurement, area,

and volume. This is taught "as a key link between our

physical and our social environments."

7. Geometry. Early intuitive exploration of similarity,

congruence; later these are approached from trans-

formations in the plane.

8. Number theory. Prime and composite numbers, prime

factorization.

9. Probability. Elementary ideas.

2.2 Content and_ Organization of the Subdivisions

PIA's nine basic concepts are arranged in a spiral sequence. Pupils

encounter the same ideas'and practiLe the same skills many times in

increasingly complex settings. A brief summary of the content of each

grade level shows how several concepts are taught at each grade level.

Grade 1: Natural order of numbers is taught Through 99;

addition through 10; monetary system; linear

measurement; geometrical concepts of curve,

triangle; mathematical sentences are introduced.
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Grade 2: Order of numbers is extended through 999; addition
and subtraction through 999; special properties
of zero; multiplivation using facts to 18; geo-
etrical concepts are extended; linear measurement
empnasizing tier, inch and foot; perimeters of poly-
gons; mathewatical sentences extended to problem
solving with lrcv.r numbers.

Grade 3: Order of nu;Oers extended to 9999; base 5 and base
numbe.r introducad; addition and subtrac-

tiun eNtn,In to deriving sums of two and thren
numbers less than 1000; concept of factors intro-
duced; sperial terms of multiplication; mathematical
sentences used iv multiplication, division, addition,
and subtraction prialems; geometrical concepts of
similmity and congruence for polygons, angles, and
circls; idea uf function introduced.

(:.ade 4: Order or numbers extended through millions; division
with reidain(knn; f.,iaction explained using model;

linear and liquid me-e:sures extended; geometrical
concepts of parallel and perpendicular lines.

Grade 5: Order of nuOuers extended to decimals and fractions;
long division, including techniques for shortening;
rational in percentages; fractions greater than 1;
addition 3Mj suO:raction of fractions with unequal
denomin,...tors.

Grade 6: Place value extendd through ten-thoiLandths for
decimals; base 2 number system presented in relation
to c,wipdturs; i.rJ.Ilaindur in division related to

fractions; addition and subtraction of fractions and

decimals ;:tended; multiplication and division of

fractions an 6ecimais thoroughly developed; negative
whole numbe;'s revic,wed; solutions of equalities and
inequait;na grzwhed; area formulas for triangles
and parallelnurams ,Jesented; measurement of volumes
and any}; es intnodu,_e:i; probability introduced; bar,

line, and cinnl? ihterpreted.

The titles of the 30 lessons whic comprise the entire first

year also demonstrat the L:.e of a va, ;t.ICy or concepts at the same level

of difficulty.

1. One-to-One Darr espondo%e

2. Transitivity of "Ar Many A.,"

3. The Numbei s One to Four

4. Ordering the Numbes from One to Four

5. Conservation nf. Nilerousness
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6. Transitivity of "More Than" and "Fewer Than"
7. Conservation of Numerousness 11
8. Introduction to Addition

9. The Numbers from Five to Seven
10. The Numbers from Eight to Ten
11. Ordering the Numbers from One to Ten
12. Addition Combinations 1
13. Addition Combinations 11
14. Geometry: Open and Closed Curves
15. Addition Combinations 111
16. Geometry: Points and Curves
17. Addition Combinations IV
13. Geometry: Betweenness
19. Sets of Ten
20. Numeration: Eleven Through Nineteen
21. Numeration: Twenty Through Ninety-Nine
22. Numeration: Order of Ten Through Ninety-Nine

23. Our Monetary System
24. Introduction to Subtraction
25. Subtraction Combinations 1
26. Introduction to Measurement
27. Subtraction Combinations 11
28. Standard Units of Measurement: Inch, Foot

29. Geometry: Names for Common Curves

30. Ordinal Numbers
Midyear Check-up Exercises
End-of-Year Check-up Exercises

Unlike other televised instruction programs, Patterns in Arithmetic

is constructed as a self-contained curriculum. Henry Van Engen, primary

PIA developer, served as a major consultant to the Scott Foresman

publishing company. Because of this relationship, one field representa-
tive says, PIA and the Scott; Foresman math textbooks have many similari-

ties. Although some teachers have combined the two programs, PIA is
not intended to be used in conjunction with any textbook series.

2.3 Materials Provided

Student. A 15-minute icssor taught by a teacher on television

introduces each new topi.: of instruction. There are 30 TV lessons for

first graders, 48 for second graders, 64 for third graders, 63 for

fourth graders, and 64 each for Fifth and sixth graders: 333 in total

over the six-year curriculum. The older children see televised lessons

twice a week; the younger ones only once a week. Since the curriculum

is intended to be taught every day in periods of about 45 minutes, the

televised lesson serves as an introduction rather than as the lesson

itself, which remain: the rrisponsinility of the classroom teacher. A

television monitor is needed for every group of 30 or fewer students

using PIA (see Implementation section). If the televised lessons are

shown on classroom videttape players rather than by broadcast, the
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player can be mounted on a sortable cart to serve several classrooms at
different times during the day.

Lech student has nis win pupil exercise book. The book provides
activities which extend the concepts introduced in the TV lessons, plus
exercises for practicing computation.

Preview materials. Preview materials consist of one or more repre-
.;entative lessons from the series, one copy of the Teacher's Manual,
and other related print materials. These materials are available upon
request, free of charge, from the distriblitor, NIT. A handling charge
of '.;5.00 per lesson is made when materials other than the standard pre-
view package are requested.

Teacher. There a ,epArdte Teacher's Manual for each grade level.
Fur ela lesson the manual devotes two or three pages to a list of lesson
objectives, beief mathematival background on the concept (for the teacher),
directions for preparing children for the telecast, a description of the
materials to be used by students during the telecast, a description of
the television program, instr.ictions for classroom discussion or activi-
ties immediately foowing the telecast, several suggestions for follow-
up activities, and instructions for directing pupils' work in exercise
books,

2.4 Materials Not Provided

Student activities require the use of some materials usually pro-
vided in an ordinary classrom (flash cards) and others that teachers
may have to provide (buttons, beads). Some materials considered
essential for each :trade level are not provided. For instance, for

Grdde 1 these materials include the following! flannelboard or mag-
eetic board; cut-outs or magnets of small animals; geometric shapes;
numerals, and sets of ten; Jcidition Flash cards (to 10); subtraction
flash cards (to minuend 10)', play money; several sets of number cards
and sets; vilbols; noiqbr line; objects which can he readily bundled
into sets of 10 or 100; place value chart; foot rulers; plastic or wood
geometric shapes; wire or plastic plane figures; and a counting chart.

1. CLASSROOM ACTION

3.1 Teaching-Leaenin :.tratev.

PIA was desioned max!mize participation by and interaction
between teachers and ,Andiyts even though it relies on televised instruc-

tion to introduce ncli :opics. Responsibility for teaching

rests with the cleeeocio, toucher, fe!lowiny the example set by the
master teacher un televi-sion and the r.leections given in the Teacher's
'1,1nu.,11. The .1,1wKil ..:!,c!ol role of the classroom teacher:
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Remember that the telecasts are not intended to

replace the classroom teacher. They are intended

to help introduce and demonstrate new mathematical

ideas. You, the teacher, are still the most

important element in. . .a sound and meaningful

mathematics program.*

The teaching-learning strategy is described as "discovery." This

description should be interpreted to mean that the student's experience

with demonstrations, discussions, and work with manipulative materials

should give him real-world understanding of the abstract concepts which

are presented.

Practice to reinforce basic skills should come only

after pupils nave an understanding of the processes
underlying the computational techniques. By using

concrete materials, such as small everyday objects,

and semi-abstract methods of computation, such as

tally charts, students can actually see and feel

what is happening.

Students do not generate or verbalize concepts by themselves. These

are presented by the television instructor or the classroom teacher.

The classroom teacher's demonstrations and discussions with pupils

as the core of the instruction are an indication that the curriculum is

intended for whole-class teaching rather than for individualized instruc-

tion. Developers themselves state: "PIA is a MdSS educational approach

and is incompatible with the instructional programming model for the

individual student." Attempts to adapt the program for individualiza-

tion involve videotape players and school purchase or rental of video-

tapes rather than educational station broadcasts.

3.2 Typical Lesson

Before the television lesson which introduces a topic, the class-

room teacher sees that all materials needed during the telecast are on

the students' desks. The teacher gives the students a brief overview

of what the lesson will cover and points out specific things students

should watch for. Suggestions for pre-telecast activities and each

lesson's objectives are presented in the Teacher's Manual. These

objectives are listed under "what the student can do," and they define

the skills and concepts which the student should get from the lesson.

To illustrate, in the first-grade lesson, Number 11, entitled "Ordering

the Numbers from 1 to 10," the following student objectives are listed:

1. The student can order sets of one through ten objects.

2. The student can order the numbers 1 through 10.

*Unless ofherOSTTidicated, all quotations are drawn from program

materials issued by the developer.
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3. The student cen identify the position of the numbers

2 through 9 ieeese :eeo other numbers; ior example,

6 1 ics : 5 aw! , 3 acrd 9, PLC.

Lesson Number 14, "Gtlufflatry: Open and Closed Curves," lists these

objectives for the first -grade pupil:

1. The student can identify a simple closed curve by
tracing it from a slarting point back to that point.

2. The student can identify a sin:1)1u open curve by showing

that it cannot be traced from a starting point back to
that point without backtracking.

During the telecast, the teacher shown in the TV lesson will often

ask the students to respond to questions, to count, to notice things in

their classroom, etc. The classroom teacner is supposed to encourage

the students to respond.

After the telecast, the classroom teacher initiates a discussion

of questions that may ':lave arisen. The manual suggests discussions

and demonstrations for the teacher to conduct to emphasize the main

ideas presented on television. Follow-up activities in the manual and

exercise pages from the pupil workbook provide activities for the class-

room teacher to assign in order to complete the students' mastery of

the topic.

To illustrate student dnd teacher activities, Lesson 3 from the

first grade uni t, "f,e. lumbers from One to Four," is detailed:

Before this lesson, the students will be able to count to 4 and

to write the Arabic euidorals frem 1 through 4. rhey may practice this

skill by tracing numerals on worksheets, copying calendars, writing

their room eumbes, etc. Denny the telecast, the TV teacher demon-

strates the ideas of the ArNoic symbol (1), the number word (one), and

the Roman numer al (I) by usih a puppet and pieces of candy. She asks

the children to write the Arabic symbol with their fingers and say the

number name along Ath her. fhc knen reviews the number names wWch
have been presented. Sire sirJor, L re r:hildren number cards and asks

them how many pieces of ..andy each ,o'd represents. As a final review

she plays a game with e pup;)et picks out the correct number card

for the objects sim shows him.

After the te:ecest. the etudeets cet out numera)s and number words

from their Exercise Book and piY,Q tnew, on heavy paper, thus making

their own number cards. TM cis',7rouw f.. ocher then repeats the game

that the TV teacher played ir_r1 puppt. She holds up objects and

the students respond with e:!.hr the numeral or the number name, depending

on what she a:ks PonvIl numerals-, era riot stressed for slower
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students. There are three more exercise sheets in this lesson and five

follow-up exercises, which the teacher can use in following days to

reinforce the lesson. The follow-up exercises which are categorized

as "highly recommended" are intended to help all students meet the

basic objective of the lesson. The two activities designated as

"optional" may be used as time allows. The following are "highly recom-

mended" follow-up activities for this lesson:

Each student should make a chart which includes a set of

objects, the Arabic numeral, number word, and Roman numeral

for each number 1-4. This chart may be continued after other

numbers are taught. The set of objects should be drawn or

made of pictures cut from magazines.

Write a numeral or number word on the board and ask your
students to form the set from their collection of objects.

Those follow-up activities which are "optional" for this lesson:

Use felt letters and numerals to designate number words

and numerals for sets placed on the flannel board. Place

a set of objects on the flannel board and call on a student

to select the corresponding number.

Using different small objects, glue several sets which

illustrate the same number on a chart.

3.3 Evaluation of Students

There are several points during the year at which the teacher can

test the students to determine their mastery. Evaluatio6 sheets pro-

vided in the Teacher's Manual can be duplicated for testing purposes.

However, the developers state that assessment need not always be formal.

A simple, oral question asked of a child can often yield enough informa-

tion to deermine whether he understands an idea.

Four check-up exercises are provided in the Teacher's Manual for

Grade 1. The mid-year and end-of-year checkups are given by the TV

teacher during lessons 16 and 30; the first and third check-up may or

may not be given by the classroom teacher, at her discretion.

Teachers are instructed to tally the number of incorrect answers

for each question in order to determine those areas in which the whole

class needs the most help. Each evaluation question lists the program

number in which the concept was presented. No special method of reporting

student performance is required.

3.4 Out-of-Class Preparation

Teacher. To prepare for a telecast lesson, the teacher should read

the miteFfir in the Teacher's Manual. It is preferable for the teacher
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to read two or tnree lessens ahead of the current lesson to be aware

of the sequence of development. The teacher is also responsible for
gathering manipulative maL!rial ai seeing Lnat the television set is

in working order before he les-,on and that all children can see the

set easily.

Student. The teacher may assign students out-of-class work

depending upon her evaluation of their progress. The student may also

have projects from time to time that supplement ;pis classroom activities.

4. IMPLEMENTAHO: Parj1R&IENIS AND COSTS

4.1 School Facilities and Arrangements

PIA was designed For use in traditional one-teacher classrooms.

There should be no more than 30 pupiis in the group viewing the TV

lesson because it is immediately followed by instruction led by the

classroom teacher, not suitable for groups of more than 30 pupils. If

there are seveeal classes at the same tirade level, students can be

ability-grouped for their math lessons. in this way, pre- and post-

broadcast instruction can bey direcU:d to Hrl each group's level. The

developers state that a student who hay 'erect certain concepts at

his own grade level should be encourage, r; work with the next grade

during the programs on those concepts.

The curriculum was designed for transmission over educational tele-

vision networks oc school districts' closed circuit television stations.

Either method ma present time scheduling problems for teachers. In

one district using PIA on closed circuit the first year all teachers

reported that program scheduling was erratic and subject to transmission

failures. If a teacher mi.)sed one or more programs, either because of

her own schedule or a station pc.wer failure, there was no opportunity

to have tnem repeated. IF .(7ache missed too many lessons, she

finally dropped the program.

The teachers of yades commented that their students would

be gaining more from the co...rsc they had part,c1pated in the earlier

levels. There was also colderable juggling of television schedules

to permit all six lorzs bP bruadeast reach week. This suggests it

may be easier to introduct: t one year at a time for both educational

and technical reasons.

Solution to the prellleeF: ereeted by lzoadcasting may be found in

the adaptation or the PIA cirrictilun videotape classroom players.

A project by the NornwcF:: Regional Educational Laboratory of Portland,

Oregon, adapting PIA f-r i.:se on cisroom videotape classroom players.

VTR enables each class, .tia',.:ner to schedule the televised lessons

according to the 2r(.. .f the cl,r,,s 1, of individual students within
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it. Since this involves purchase of costly tapes and equipment, it is

probably not a viable solution in most districts.

Personnel requirements and training. PIA requires one teacher for

each class of 25 to 30 studeh . This need not be a math specialist.

All teachers participating in the program receive inservice training

by observing the television teacher's lessons and by studying the dis-

cussion of new math concepts and instructions for classroom activities

which are provided in the Teacher's Manual.

Equipment needed. For educational television station or closed

circuit broadcasts each classroom must be furnished with a 21-inch

television set, a Teacher's Manual, one pupil exercise book for each

student, and a large assortment of manipulative materials. Classrooms

using the curriculum on videotape reels need a videotape player and a

televisla monitor, preferably mounted on a wheeled equipment cart,

plus the Teacher's Manual, exercise books, and materials.

4.2 Student Prerequisites

Since Patterns in Arithmetic is a sequential six-year course, it

is desirable that students begin the program at first grade. The

developers state that at each grade level students of average ability

should find all of the material within their grasp. However, results

of the first (1966-67) evaluative testing across a varied student

population indicated middle and higher socioeconomic group students

were more successful in the program than were low-income children.

Transfer and late-entering students Wthin the broadcasting area are

expected to have little difficulty in keeping up with materials since

they are presumed to have studied the curriculum in the previous school.

4.3 Teacher Prerequisites

PIA was designed to be taught by teachers who are not math spe-

cialists and without inservice training. The detailed instructions in

the Teacher's Manual provide explanations of the mathematics concepts.

The TV teacher is expected to provide a model for the classroom methods.

The Teacher's Manual and pupil exercise book are supposed to provide

ample activities for students.

The teacher has to assemble many materials for students' classroom

work. Pecause the television programs are paced for "average" students,

the teacher will need to offer some students remedial work and others

enrichment. Such assignments can he taken from the optioial activities

listed for each lesson.

4.4 WacktiilianslirainingofItherClassroom Personnel

No additional personnel are required.

163



4
.
5

C
o
s
t
 
o
f
 
M
a
t
e
r
i
a
l
s
,

E
q
u
i
p
m
e
n
t
,
 
S
e
r
v
i
c
e
s

R
e
q
u
i
r
e
d
 
I
t
e
m
s

T
e
l
e
v
i
s
i
o
n
 
l
e
s
s
o
n
s

E
x
e
r
c
i
s
e
s
 
F
o
r
 
P
u
p
i
l
s

T
e
a
c
h
e
r
'
s
 
M
a
n
u
a
l

M
a
t
h
 
a
c
t
i
v
i
t
y
 
m
a
t
e
r
i
a
l
s

(
r
u
l
e
r
s
,
 
r
o
d
s
,
 
g
r
a
p
h
s
,
 
e
t
c
.
)Q
u
a
n
t
i
t
y
 
N
e
e
d
e
d

S
o
u
r
c
e

C
o
s
t
 
P
e
r
 
I
t
e
m

R
e
p
l
a
c
e
m
e
n
t
 
R
a
t
e

3
3
3
 
p
r
o
g
r
a
m
s

(
s
i
x

E
d
u
c
a
t
i
o
n
a
l
 
T
V

1
-
E
d
u
c
a
t
i
o
n
a
l
 
T
V
 
s
t
a
t
i
o
n
'
s

F
e
e
s
 
p
a
i
d

g
r
a
d
e
 
l
e
v
e
l
s
)

s
t
a
t
i
o
n
 
o
r
 
N
I
T

s
c
h
o
o
l
 
s
e
r
v
i
c
e
d
e
t
e
r
m
i
n
e
s

e
v
e
r
y
 
y
e
a
r

c
h
a
r
g
e
 
b
a
s
e
d
 
o
n
 
n
u
m
b
e
r

o
f

p
a
r
t
i
c
i
p
a
t
i
n
g
 
d
i
s
t
r
i
c
t
s

2
-
N
I
T
 
c
h
a
r
g
e
s
 
a

f
e
e
 
o
f

F
e
e
s
 
p
a
i
d

$
3
2
.
0
0
 
p
e
r
 
p
r
o
g
r
a
m

p
l
u
s

e
v
e
r
y
 
y
e
a
r

$
1
.
4
0
 
f
o
r
 
e
a
c
h
 
1
0
,
0
0
0

p
u
p
i
l
s

v
i
e
w
i
n
g
 
t
h
e
 
s
e
r
i
e
s
.

(
F
o
r

e
a
c
h
 
1
0
,
0
0
0
 
a
b
o
v
e

2
5
0
,
0
0
0
,

a
d
d
i
t
i
o
n
a
l
 
c
h
a
r
g
e
 
i
s

r
e
d
u
c
e
d

t
o
 
$
.
5
0
)
.

S
i
n
c
e
 
d
e
v
e
l
o
p
e
r

a
c
c
e
p
t
s
 
n
o
 
r
o
y
a
l
t
i
e
s
,

t
o
t
a
l

p
u
r
c
h
a
s
e
r
'
s
 
b
i
l
l
 
i
s

r
e
d
u
c
e
d

b
y
 
1
5
%
.

3
-
N
I
T
 
w
i
l
l
 
r
e
p
r
o
d
u
c
e

p
r
o
g
r
a
m
s

U
n
l
i
m
i
t
e
d
 
U
S
E

o
n
 
p
u
.
'
c
h
a
s
e
r
'
s

t
a
p
e
 
f
o
r
 
a

c
h
a
r
g
e
 
o
f
 
$
5
-
$
6
 
p
e
r
 
p
r
o
g
r
a
m
.

N
I
T
 
n
o
t
e
s
 
t
h
a
t

t
h
i
s
 
o
p
t
i
o
n
 
i
s

m
o
r
e
 
e
x
p
e
n
s
i
v
e

u
n
l
e
s
s

p
u
r
c
h
a
s
e
r
s
 
p
l
a
n
 
t
o

s
h
o
w
 
t
h
e

p
r
o
g
r
a
m
s
 
f
o
r
 
4
-
5
 
y
e
a
r
s
.

1
 
p
e
r
 
s
t
u
d
e
n
t

p
e
r
 
y
e
a
r
.

1
 
p
e
r
 
t
e
a
c
h
e
r

p
e
r
 
y
e
a
r

E
T
V
 
o
r
 
N
I
T

1
-
9

$
1
.
0
0
-
$
1
.
5
0
 
e
a
c
h

1
0
-
4
9
9
$
.
7
0
-
$
.
9
0

5
0
0
+

$
.
6
3
-
$
.
8
1

E
T
V
 
o
r
 
N
I
T

1
-
9

$
2
.
5
0
-
$
4
.
0
0
 
e
a
c
h

1
0
-
4
9
9
$
1
.
8
0
-
$
3
.
0
0

5
0
0
+

$
1
.
6
2
-
$
2
.
7
0

C
l
a
s
s
r
o
o
m
 
t
e
a
c
h
e
r

Y
e
a
r
l
y

R
e
u
s
a
b
l
e



4.6 Demonstration Sites

During 1973-74 PIA was purchased by the following school districts

or state departments of education;

Las Vegas, Nevada; Monroe, Louisiana; Little Rock, Arkansas;

Salt Lake City, Utah; Wisconsin; South Carolina; and Kentucky.

5. PROGRAM DEVELOPMENT AND EVALUAT:3N

5.1 Program Development

In 1959, the University of Wisconsin received a Ford Foundation

grant "to establish an imaginative program for the improvement of schools

in Wisconsin." During 1960, a math program using the concept of instruc-

tional television was developed for grade 4. A grant from the National

Science Foundation in 1961 enabled work to extend the program to grades

5 and 6. Then, in 1964, the Office of Education established the Research

and Pevelopment Center for Cognitive Learning at the University of

Wisconsin. One of its tasks was to develop a six-year program in math-

ematics based on the past experience and to subject it to extensive

field testing. In 1965-66 lessons for grades 2 and 4 were developed,

and grades 1 and 3 were field tested. Field testing of grade 2 was

carried on is 1967-68.

A developmental year for the PIA program, grades 1 and 3, went

through the following series of stages. First each lesson was planned

according to content, method, and television presentation. From 30

to 100 teachers in the Madison, Wisconsin, viewing area participated

in the course through the educational television station. Every

four to eight weeks the teachers evaluated the program either in writing

or by meeting with the R&D staff members. When necessary, lessons were

revised and rewritten according to the teachers' comments. A mid-year

and end-of-year achievement test was giv;:n to all participating students

and results were reported to the teachers. At the end of the year, the

lessons were edited and bound as a pupil exercise book.

5.2 Develo per's Evaluation

During the 1966-67 school year, 675 first graders and 760 third

graders in Wisconsin and Alabama participated in a summative evaluation

of PIA. Three achievement tests, one designed specifically for the PIA

program by Educational Testing Service, were used to gauge computation

skills and conceptual mastery. These tests included the ETS Coopera-

tive Primary Test, the California Achievement Test, and the Stanford

Achievement Test. Participating classes were divided into two groups

to minimize testing. Both groups took the PIA-designed tests, but the

stand,.." test on computation was given to one group and the concepts
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test was given to the other group. Classes from large communities were

classified into high, middle, or low socioeconomic categories. Teachers

were surveyed to determine their attitudes about how much they had

learned, how they liked the curriculum, how they thought children re-

sponded, how suitable the curriculum is for high, average, and low per-

forming students, etc.

In 1970-71 nearly 400 teachers in New York, Illinois, Oregon,

Vermont, and Virginia participateri in a study designed to test the

ways in which PIA affects teachers. Tests and guestioenaires were

devised to measure changes in mathematical knowledge, knowledge of

PIA-specific content, and attitudes toward teaching arithmetic.

5.3 Results of Evaluation

The study group of Wisconsin and AlatIma first graders partici-

pating in the 1966-67 evaluation of PIA compared favorably with the

norms group on achievement tests measuring both computation and concepts.

The third-grade study group did better tnan the norm on the standardized

concepts test but not as well as the norms group on the computation test.

Developers attribute the low rating in computation to the Wisconsin

group, whose students also scored low on pretests. Although the third

graders showed considerable progress during the year, it was not suffi-

cient to carry them to the norms group achievement level.

Data analyzed by socioeconomic class indicated that the first grade

program favored high and middle groups over low. Third grade students

in the high socioeconomic group achieved more than middle and low socio-

economic groups.

Results of the student and teacher attitude inventories showed that

both, in general, were pleased with TV arithmetic. Teachers felt that

the concepts were appropriate and reasonably placed and that the inser-

vice training was effective. Seudents indicated that the TV teacher

helped them to learn arithmetic and that they enjoyed working with the

exercises.

Results of the 1970-71 summative evaluation of the ways in which

PIA affects teachers indicate that "PIA can be used effectively as in-

service education, particularly for those teachers with relatively lower

initial knowledge of the basic mathematics which underlies a contempo-

rary elementary school mathematics program. PIA does not seem to change

teachers attitudes, however; nor is it beneficial in increasing know-

ledge of concepts not specifically related to PIA."3

The developers found that television instruction is more effective

when used on a local closed circuit basis than when broadcast over an

ETV network. Closed circuit lessons can be repeated and paced according

to the classes' abilities, they said. They also stressed that the pro-
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gram should not be used unless truly adequate facilities (only one tele-
vision set per 30 pupils) are available. The developers conclude:

Mass communication techniques are effective in
providing both sound instruction for elementary
school children and inservice training for elemen-

tary school teachers. Teachers' comments. . .that
for the first time in ten years of teaching their
children are able to understand a concept are
excellent indications that for the first time in
ten years of teaching the teacher understands the
concept.4

5.4 Independent Analyses of the Program

No independent analysis of the program is available.

5.5 Project Funding

PIA has received grants from the U.S. Office of Education, the
National Science Foundation, and the Ford Foundation.

Distributor. The program is distributed by National Instructional
TelevTiT5FtinTir, Box A, Bloomington, Indiana 47401. All materials

are available from NIT and all inquiries should be directed to them.

5.6 Project Staff

PIA was developed by the Wisconsin Research and Development Center
for Cognitive Learning at the University of Wisconsin. Henry Van Engen,

Professor of Education and Mathematics at the University of Wisconsin,

was project director.
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FOOTNOTES

1. Wisconsin Research and Development Center for Cognitive Learning.

Projrwa P.I.an. Madison, Wis.: Wisconsin Research and

Development Center for Cognitive Learning, University of Wisconsin,

1972, p. 115.

2. Van Engen, Henry, and Robert B. Parr. Using Mass Communication Media

to Improve Arithmetic Instruction. .4udio Visual Instruction, February

1969.

3. Wisconsin Research and Development Center for Cognitive Learning.

Evaluation of Patterns in Ariljtr,ietL,J in Grades 1-4, 1970-71: Effects

d11 Teahera. Madison, Wis.: Wisconsin Research and Development

Center for Cognitive Learning, University of Wisconsin, 1972.

4. Van Engen, and Parr. Audio Visual Tnatructl!on, p. 38.
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INTRODUCTION

6'ach second grade chitd has a olastio cylindeP 01,12 c,mtimeter

attached, into whiA p4t0 WCtEP and 7 a02 beans. He obPerves
an.1 records in his wurlai,k thw changea n heigh!, of tha colLem of water

the beans haves ovcrirjght in water. A subseqL(!nt activity

dry Dhe beans and make nets ilcasurements. Students use oaiancas

-(.2,1,.) in a previous unit ::or pare t;la weight of wet beans dry beans.

(Jucher auggeete t?7t. ::b;,-;erve the veer u. of the sweLling
H?enomenon in thc:iir mohep's cooki=v :)7' octwevl and :.ice.

These activities are part of a second grade unit in Wnnemast
(Minvwoota MathematLfe 3,11,ence Te,..,:!ivz:n(-, Project), a K-3 curriculum

which encompasses both mathematics and science. The developers have
coordinated teaching of the two disciplines since they believe each
needs the other in order to make itself completely understood. The

math/science "togetherness" is accomplished through careful sequencing
of the curriculum's 29 unitssome in math, some in science, some both.
The same processes are encountered in different subject matters at many
levels.

The basic goal of the project is to teach students to think. James

Werntz, former project director, explains that the lessons, which use a
wide array of manipulatives, were prepared to "direct the thinking of
children into c"nired approaches to the subject. Teachers serve as

guides, leading the student toward specific discoveries, following

a. . .route that we know they're going to follow." The amount of direc-

tion or information children will need for their investigation depends

upon their maturity, ability and prior experience.

Minnemast developers were in the forefront of educators who defined
thinking and problem solving in terns of intellectual "processes" common

to both mathematical and scientific investigations. Long before partici-

pants at the 1967 Cambridye Conference on the Correlation of Science

and Mathematics in the Schools suggested an activity-based unified pro-

gram for elementary school , University of Minnesota physicists and math-

ematicians had begun to develop and field test Minnemast. USMES, a pro-

gram incorporating many of the ideas presented at the conference, is

described in this book.

Although the project began as a K-6 curriculum developirent, only

the K-3 materials were cQopleted before funding was cut off. The

developer provides a booklet of recommendations about other science and

math curricula which cal complete the objectives started in Minnemast.
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In 1969, Roger Jones, then associate director of Minnemast noted:

I think that this project in a sense is typical of many
of the projects around the country today that started
several years ago. The thinking has changed and become
even more radical since then, and the "old" projects
are all behind the times. They are miles ahead of what's
actually going on in the school, but not in terms of what
people are thinking of doing in schools today. In the

sense of a really free, open experimental school in which
there's no grading and the children sort of do what they
want and follow their interests and have lots of things
available but no direct guidance, Minnemast as well as
the other projects still have a long way to go.
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iiinna..,ota Mathematics and kienee feu fly Project
;Ii nnemaet)

Complete flidthematics and sc:ence program for kindergarten
througo third gr,:we with edujgesti,ns for continuing prooram in inter-
mediate grddes. (he J unit:, sum in math, some in science, and
some both, Are inte-twied and spirally !:eduenced so that concept
are introduced in simple fori,: lnd later r.:2Hrorced and elaborated.

Af; active-learninq matheirlDtics cane coordinated with
science units and empnasizmg the contribution of both disciplines
toward the cnild'i develovent of logicz,'t processes. 'leaching

strategy relies on use or larv: nulobei. nf manipulatives ?.nd labora-
tory investioations.

Concept.i oroccs5,e,, cx,mon to mathematics and cierice.

Subjects included are iaal nvoers and geometry in math; science
concepts of sysLem.,, interaction, thaege, rever,ibility, invariance;
and science ti .s of spa, 'latter, tome and field, life.
Processes are observuLien, expe.imentation, generalization.

',..emolete K-3 mathemetics and science curriculum.

Student, of eil ahility levels, gdes

:ta-: K-3 with recomendations for the intermediate grades.
Developers expect th'2 proelam to be used daily for one class period
(20-45 mintes). Each unit takcs obout 1-8 .Neeks to cemplete.

Teachecs' 4.1nu,As for each nnit, complete lesson
plans, student workbco:,,,-,, kit cf manioulativ2 materials.

,,f z.. t: I D64 -70.

r)2,/,)e.,,,:ii;!,: Alan Heophreis, '\!.sociate Profe'zsor of Elementary

Education/llinnesota lathemaLics and Scierce (Mi nnemath) Center,

Univer5ity of Minneeta, 720 1.11sile,.;:ton Ave. S.E., Minneapolis, Minn.

55455. (612) 373-.P.J22. Feu-Wiwi director was Pdul C. Rosenbloom,
and James Weetz airector dut',og mljor development phase.

;.v: Mihnemast, 720 `qeshingten Ave. S.E., Finnuapoli, Minn. 55455.
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1. GOALS AND RATIONALE

1.1 Goals

Developers of the Minnesota Mathematics and Science Teaching

Project, linnemast, believe that most students suffer from a condition

they call "atrophied thought process." This degeneration occurred,

in the developer's view, because students liar: eert taught to produce

ready answers to problems; they had not been urged to apply thought to

the solution of these problems. They noted Lhat if young children are

expected only to react, it is difficult, if not impossible, to later

teach them to think. Program initiators therefore sought to develop a

curriculum which would help elementary school children learn to produce

reasonable solutions to problems. They believed that math and science

were the best media for teaching a rational approach to problcm solving:

The objective of Minnemast is to help the children

develop the intellectual tools of rational inquiry

and not necessarily to prepare them 1:o be scientists

or mathematicians. The tools of rational inquiry

apply rot only in science and mathematics and other

studies, but are powerful ways that lead to under-

standing the experiences of our daily lives as well.

Briefly, our main objective is to guide children

in learning to think.*

Paul O. Rosenbloom, the project's initiator, indicated these specific

program goals:

1. Supplying children with effective, efficient procedures

for arriving at rational conclusions and with motivation

to apply these procedures in scientific and other appro-

priate contexts.

2. Presenting mathematics an science as part of the con-

tinuing human endeavor to make sense of the universe and

man's place in it.

3. Presentinc, mathematics end science as creative and ever-

changing disciplines, in order to close the gap between

science as it is taught in cur schools and science as it

applies to current research, research scho)ars and every-

day life.

* All quotations are drawn from materials issued by the developer.
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4. Supplying experiences in the prse of the physical
and biolonical softnc:.-; and ;kills In r:aLhemdiical

techniAu,_;:t i); eve(yone .3 i'unctior

effectively in z)cillty.

5. Providing a sound founda:jon for the rriininq of
future professional watheirc:Jic.inT, a.nr: scientists.

1.2 Rationale

Ninnemast nits bden nen(1 hy many in4iucnicef.:, according to developers,

but two educational theories have Deem o 1 toportance. First is

lorome Bruner's theory thA a curriculum shoLid provide a coherent pattern
rather than iF.olated Pits o knowledge. Bruner helieves that a child

!eiArns more and retains longer tho-;e, ides and skills whfch fit together

in 1 unified struc'ayE:. In Ninnemai-j., a pattern is provAed by a "spiral

curriculum" wnerc fJiidamontal cnricnpt reappr:3r in increasin c.emplex

situations.

The second roajo, G."; is tinA of Piaget, whosl

analysis of tli ,_-! of thn intelftctual development indicates

that learnini; atzri6w.eifle to n IFf.er stage of thinking Carl only occur

after completion nf in Pinell's work, the preschool

d priroari studenc_ nis experinv.ces with "concrete" p'n(nlomena to

build ever more el:;bo.-at,c Loncc4)tual fitruccnres leading to a:pstract

thought. Piaget e,sserts Liint 6m:.ris develop thinking in !itages, and

skills associatid witn 16Pr nbstract sges of thought cannot be last-

indly learned until t1r porsm hdS irii la Lai the meaning of his early,

simple experiences, *Jes nut attempt to teach

children technique r::nribolic. thoughtsuch as arithmetic

algorithmsunt!I thcr k.:o:elopHon has reached thf: stage of real compre-

hension of concept---not 4((? mrylor', Minnemast provides many

experiences (for instdncn .n (.1-ifying, ordering) to

aid the child's transiOon °Ine-opert.tiona:' to "operational thought,"

wnich occurs around tnn J: nr sever in children. Then the

curriculum oter: opeca,Ji. expe,ionces prEyoe the child for the

logical stanc around the oarly ceer. hcn gentnalization, abstraction,

and deductive 4:.hinHng 2crile. ;.7 wa:r or r:ranizinn experience.

Developmeni,o1 arjarist Cfectiveness of

zraditional instr...ction ':. ':1 i on lidrning by ,ote memory.

Minnemast develons Leaching wnich dtJiands mastery of

facts rather then under ,:Landing of. tions ond cnncents. This follows

both from their belief. 4.)01i -t. how cnildren lea in and their belief about

the nature of scicl,;(1., IF. not 6n oncyclopedio collection of facts,

Minnemast cievelOpyr, belnovi ,!omt.s 1.4nrnt,!, a former director of the

project, has s4lid.

As ail c'vf-cdii ni.,j2c;:ivP we od.6t atteropt to give child-

ren ar nn,L-7,H0,!:no of intevn.:ctnal

contLni. C .the o,-t ion of scienco, if yot4
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will. And we must gear our programs to provide them
early enough and often enough and so concretely that
they find a place in the immediately accessible intel-
lectual toolbox of all children. . . . It is important
to structure presentations so that drawing of con-
clusions by the teacher is discourajed; .-Ind to organize
the material carefully, so as to direct the thinking
of children into desired approaches to the subject.

Another important feature of the Minnanast rationale is the com-
mitment to a coordinated mathematics and science curriculum. This coor-
dination implies that each subject can support and reinforce the other

where appropriate, with common techniques and concepts being deliberately
sought and exploited. The developers give several reasons for combining
math and science. For example:

It is natural to teach mathematics with applications
and illustrations from science, and to teach science
when you can make use of its mathematical framework
The description of Newton's law of gravity or the
growth rate of a plant is so simple and precise in
mathematical terms that words seem cumbersome in com-
parison. Similarly, the abstract idea of vectors or
of the real number system can be made much clearer
through physical illustrations from the sciences.

In addition, mathematics and science have relied
heavily on each other throughout the course of
their common development. The very backbone of
much theoretical science has evolved, in a sense,
as a branch of applied mathematics and would not
exist today without it.

The boundaries between science and mathematics are
not always very well defined. Many aspects of the
two disciplines overlap to such an extent that they
are of equal importance to mathematicians and
scientists. Thinking about mathematics and science
as distinct disciplines is not necessarily the most
fruitful approach for the mathematician or the
scientist, to say nothing of the layman. It seems

quite reasonable to avoid making a strong distinction
in the mind of a child. . . Breaking the bohds that
join mathematics and science together probably harms
that child's appreciation and understanding of both
subjects as much as it weakens the creative union
between the two.

This integration of science and mathematics is seen as only the
beginning of a possible full integration of other disciplines.
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2. CONTENT . NJ MAiE1IAL.1,

?.1 Content Fouls

Minnemast combines subject ma titer frm both math and science in
its K-3 curriculum. Mathematics suhjeats covered include number line,
number theory, arithmetic, continuity, probability and statistics, sets
and groups, functions, measurement (metric), shapes and configurations,
and Euclidean geometry. Science subjects covered are: systems, inter
action, change, reversiblity, invariance, space, time, aiatter, force
and field, and life. Althnagh the entire curriculum seeks to weave
mathematics and science together, some units emphasize one subject more
gran the other. In some unit:;, developers caution, the un;on of the

two subjects may not be apparent simply because we traditiorally con-
sider certain topics as eitner math or science, when in fact, they are

basic to both mathematical and scientific understanding.

For instance, from the title and initial inspection
of the firat unit, Watching and Wondering, one might
conclude that only science is treated. The project

developers feel, however, that watching (careful
observation) and wondering (asking questions) are
just basic to the thinking of a mathematician as
to that of a scientist. A topic which may seem
important only to mathematicians, such as graphing,
is just as necessary for a scientist.

The units are based on skilla and processes such as observing,
describing, classifying, comparing, ordering, measuring, and computing.
These skills and processes are arranged in a spiral curriculum in which
they are touched on over and over again but at more sophisticated levels
in succeeding units. liecause Minnemast uses a spiral format and because

many lessons require experience with previous lessons, random deletion

and rearrangement of material is not recommended.

2.9 Content and Organization of the Subdivisions

Ainnemast consits of 29 units designee for kindergarten through

third grade students. Thera are 7 units each for kindergarten, first

grade, and third gradeland for second grade. Following are lists of

titles of the units. AftEr, some of the titles are aketches of the

unit content.

Kindergarten

1. Wat;ch-i.

if;4) ;14
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4. '.is roil Ou 3enscs

5. Int,1,01142'4:ni .1caCUrCi0.!;. Length, area, volume, and time

duration are introduced as properties that can be compared
and ordered. All work is non-numerical. Children first

see a need to measure a particular property and then
develop methods of comparing each of two objects using

that property.

6. Numeration. Children first use a set of objects, then
tally marks, and finally numerals to represent the number

of objects in a set. Through comparing different length

rods, children perform pre-counting, pre-addition, and
pre-subtraction exercises.

7. IntroducL:ng Symmetry

Grade One

3. Observing PropprtLes

9. Plumbers and counting. Set comparison, numbers, numerals,

and counting.

10. Describing Locations. Children learn to make ind read a

variety of simple maps, and to describe verbally where

something is. Two mathematical concepts are involved.
One, "locus," reviews and extents set concepts; "frame
of reference" provides a foundation for later mathematics

work with graphing.

11. P:tr,)duc7*.ng Addition and dubtraction. Sets, number line,

and place value.

12. A/Plaurement with RE,ference Unita. Length, area, volume,

and time.

13. intt:eprtations of A4diciun and Subtraction. Measurement,

sets, and number line. Children learn to use an addition

side rule to add and subtract larger numbers and numbers

other than counting numbers.

14. Pat 6

Grade Two

15. 2-nv?otigatz:ng :5:fin.CMC

16. dumber( and ilasuring. Numerals to 999, fractions, negative

numbers base four, ordering of lengths including diameter and

circumference.
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Multiplication17. Introjuung !ttL;ipf.;.:atio and Divioi,on.

is represented as repeated addition by Jumps on the
number Hoe, co:IbinItions of equivalent sets or arrays,
and related scales on parallel number lines. Division

is presented as breaking up a set of things into equiv-
alent subsets.

18. Soal.flic l'ellieco,:iltbn. Maps and scale models.

19. eeepece'ele Aar:Joe. Children observe changes that occur
and measure and record these changes. Experiences with
plants, vulume and weignt, and temperature changes lead
the children to explore relationships among variables
and to represent them graphically.

20. Ysinj jurzlicrJ. Addition and subtraction of two-
and three-digit numbers. Graphing, place value, and
measurement are included.

21. iinjc:d 1 c.! . This unit integrates some scientific
ideas with t:le e of "pure" geometry. Angles are defined
and measured. Angles and their properties are used to
describe a variety of natural and geometrical objects.
Children are introduced to regular polygons and symmetry,
as well as to some three-dimensional concepts in
geometry. Geometric congruence and similarity are
used to make some size comparisons and to introduce
the idea of proportionality. Optional projects, such
as making periscopes and sundials, are suggested.

22. Pans ana 1):.2c.c,), Rational numbert",.

23. Condit.,:ona Aff(-Y.

24. Cnarve and Calat:,.c. Simulation of a computer.

25. eeti,eirleceiee Di7feeences and similarities
between multiplicaLion and addition; commutative,
associative, di%tril.utiv2 laws. The activities

provide a .roundauion for the study of the relationship
between a linear graph and multiplication.

26. What A t.q.? ;,3
f

27. eeedieee ee, ee!..e t72..-(:'4. Multiplication of numbers

written in base 1,,,m and other bases. Field properties
of closure, Hint: y. inverse, associativity, commute-
tivity, and cit,.'ou'Avity. Some work with equations,
patterns, negative intLgers, and exponents.
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28. Geometry and Geography (Mapping). Using simple geometrical
ideas, the children review and extend map-making. They
use elementary surveying techniques and some simple
coordinate systems. By constructing maps of their own,
the children begin to see mapping as a transformation.
Children study different kinds of maps. Through optical
projection, they learn how the curved surface of the
earth can be represented on a plane. They use longitude
and latitude for the global coordinate system.

29. &aura' 9yeteme. Animal locomotion, plant, wind, and river.

2.3 Materials Provided

itudent. Pupil exercise books have been developed for the first
through-7FR grade units. Kits containing manipulative materials are
packaged for classes of 30 students.

Students use the following three items during kindergarten, first,
and second grade Minnemast units:

Minnebar: wooden rods varying in length trom 1 to 12
cube units. These differ from CuisPnaire Rods because
unit divisions are indicated on each rod.

Property blocks: similar to attribute blocks of other
projects but modified to fit the program. There are
48 blocks having three shapes (square, triangle, and
circle), two sizes, two thicknesses, and four colors
(red,, yellow, green, and blue) for each shape.

Addition slide rule: introduced in first grade, this
tool enables the children to add and subtract larger
numbers before learning the standard algorithms, and
also to add and subtract numbers other than counting
numbers.

Teacher. The proect provides separate teachers' manuals for each
Minnemast unit. The mahuals contain a suggested teaching schedule, a
list of materials needed for teaching the unit, notes to the teacher,
a list of unit objectives, and detailed lesson plans,

Two enrichment booklets are also available from Minnemast. The

first, Advertuves ir. Science and Mathematice, is a series of narratives
about the lives of famous scientists and mathematicians. Living Things

in Field and Classroom suggests to the teacher ways of coordinating
activities in the classroom and out-of-doors in the study of plants

and animals.

Another Ninnemast publication, overview, explains the program phil-
osophy and provides summaries of each of the units. MInnemast Recom-

mendationa for Math and ::cien,ce in the Intermediate Grades offers

179



suggestions of math and science units or programs which can correspond

to the content and approach of Minnemast.

2.4 Materials Not Provided

Most units require a number of items which are not included in the

kits but are easily obtainable from grocery, hardware, or scientific

firms. For example, the teacher is expected to provide plastic cups,

shells, seeds, corn meal, and mealworms.

3. CLASSROOM ACTioN

3.1 Teaching-Learning Strategy_

Lessons are introduced in a variety of ways including games, demon-

strations, experiments, or stories. During the course of one unit child-

ren may work by themselves in small or large groups. Minnemast activities

are designed to place the student in situations where he can hypotiwize

pocci.bie soluta, pr,31)Qa ofchecA.Lnd tht: GCXI?

out ,2xper-fgunto, and loc?:,4.e. whet72er hypoheeis 3een3 pausible in Oic

reu::: r .
Although the materials have been designed so that the entire class

works on one unit at a time, teachers may select specific lesson activi-

ties for individual students. According to developers, children can

continue to work on Minnemast activities as long or as in much depth as

their abilities and interests permit; they expect that every pupil will

be capOle of performing some work on a problem arid gaining the basic

knowleeqe needed to move on to new units. The units include supple-

mentary materials for more able students. Robert Jones, former associ-

ate director of Minnemast, said:

. . ,Teachers have found that they can, by selecting

the materials, make iome things easier for the children

who are haJing more trouble. They may use other

materials for those Lhat are doing well. We try to

provick, material on different levels and then expect

the teachers to do selecting on the basis of

student ned.

Minnemast units arc designed to be used in a specific sequence

because the curriculum is a spire) one; concepts presented in early units

are reinforced and extended in later .its. instructions for teaching

a unit vary. Some activities are outlined in specific sequences, others

are described in general teoNS.

In Minnemast, the tet3cer serves as a director and guide for student

learning. According to developers:
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. . .the teachers should try to teach in such a way
that children determine the answers for themselves

through experimentation. . . . It is easy for a
teacher to answer a question, but very hard to give
the student some way to find an answer for himself. .

If a teacher succeeds in the latter, she comes

close to educating. But if she resorts to the
former, she is missing the point we are trying to

make.

Thus, teachers are expected to help students formulate appropriate
questions and discover ways to test hypotheses; teachers are not to
lead students to the "right" answer. The specific amount of direction

or information children will need depends upon their maturity, ability,

and prior experience.

3.2 Typj,cal Lesson

Unit 12, Measurement with Reference Units, is designed to be used

by first grade students. Developers suggest that this unit be taught

daily for 2* months. The unit is divided into four sections: measure-

ment of length, area, volume, and time. The following lesson,

Measuring Volume by Water Displacement, occurs midway in the unit. In

this unit and others measurement serves as the link between math and

science.

The teacher begins this two-day lesson by showing the class a glass

of water and a piece of plasticine. After asking the question, "What

will happen if we put the plasticine into the water?" and eliciting the

response that the water level will rise, she drops the plasticine into

the water. Next, a student alters the shape of the plasticine and the
teacher again asks the class what will happen when the plasticine is

dropped into the water. the also queries, "Will it rise the same amount

as before?". Rather than telling the children the correct answer, the
teacher asks the students to suggest an experiment to check the answer.

Experiments and reshaping of the dlasticine continue until it is clear

to the children that the shape of the plasticine does not determine the

amount of water that is displaced.

The teacher then conducts two demonstrations to Illustrate that the

volume of water displaced is the same as the volume of the plasticine.

In preparation for a fourth demonstration, the teacher fills a tall

container half full of water and marks the water level with a magic

marker or rubber band. Sne then shows the students a dozen small

objects such as marbles, pebbles,or washers and small glasses called

"Minneglasses" and asks, "How could we find the volume of these objects?"

and "Could we use this water somehow?". The teacher then guides the

discussion so that children see that they can place the objects in the

water, note the new water level, and measure the amount of the increase

using the Minneglass. Next, teacher and students calibrate the larger
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container using Minneylass units. These calibrations can be used to

measure the volume ef objects.

After these de-ensteation:; are eomplete.:!, pairs of students are

yiven a tray, a cylindrical container, water, d Mioneglass, and a piece
of plasticine. The students are directed to calibrate the cylinders,
find the volume of ne piece of piasticinc, and measure the volume of
other objects. As d cunclutieg activiLy the 6jSS (liscur...ses a Minnemast

stet.), The Crow and i:he Pitcher'; Lhe illwArates ho,! a eleaver

crow uses disolaeement Le queneh his thire:t.

3.3 Evdluatior. of Students

innemast aoes not v.ovide tests or other instruments specifically
designed to measure s.i.udent 2'ri leachers may evaluate pupil

progress using a l l t of learning objeetives contained in each unit.

Lxperiments rind dork.,neet are meant to allol,t the child check his

own development of anderst3eaine ant.. skill.

3.4 Outeof-Clase Peeeuratior

the teacher 's guide for each unit co!;1.;i1ns detailed information

ond lesson plans. le Adltioh to reviewing th material. the teacher

may wish to read baelroend material listed in true bibliogrjphy.

In preparation for each lesson, Leachers All need to collect,
arrange, and organize MOW/ matueid1'., For demonstration and student experi-

mehtt.t;:lon. Mil oemas;: detieities lice eeeuire teochers give d great

deal of thought to clae5eoom organization and grouping of students.

4. 1:1PIF';PTITIC;N: Atli) COSTS

4.1 Scnool

Thi: 'program de iyled oY ale/ elaseeoom io which desks and

ehairs ear 'oe eoveJ ,e1 fei 4 Offln a.ei:s, and which has counters
Therel' snelvee Phere cee !:o left betveee classes.

be :7ileif 41ee t :,ortiet! et:eip,!ient. 'Arne schools have found

t colven t LO roem vier the ,:its for alle .s
classes can bc 0:24-ed needed.

No uorticular 'f'orm cf seheol ec elavroom orgenization is required

for MinnukAst. It wes clesigeeo co e- used fer wholeclass teaching in

which ali children could 1.,,ipq;ni; on :,k some aetivities but at varying

level., of suphi.Aii-fl. already mastered the prob-

lum of breaking Lip (.1
1 t,; t') s;,eler instractieJnal cJYOUp Can find

Ainneira..A J oeks ant!, chooses activities she

con,;iders appropciAe. .1oT oesigned as an individualized



program or as a vehicle to assist the individualization of a classroom.

Because it was designed for whole class teaching, it may appear unattrac-
tively teacher-directive to teachers committed to open classroom teaching.

If they can look at the substance of lessons rather than format, experi-
enced teachers may find it a rich curriculum resource since its activi-
ties for children are based in developmental learning theory.

Because the program does differ from traditional ones and because
there are no traditional assessment instruments, administrative assistance
and support is important to the successful implementation of the program.
Developers recommend that administrators become acquainted with the pro-

gram through observing the program in action, working with the materials,

and possibly teaching small groups of students.

Most districts have chosen to implement the program one year at a

time, beginning with kindergarten. Developers suggest that schools follow

this pattern but see little difficulty with a school introducing Minnemast

all at once in kindergarten through grade 2, and introducing third grade

materials the following year. Developers believe that students new to

a Minnemast school will have little difficulty entering the curriculum.

4.2 Student Prerequisites

Minnemcst units and activities are carefully sequenced, proceeding

from simple to complex activities. The curriculum is a spiraling one;

skills needed for activities are often presented in the early units.

Because of this organization, developers recommend that teachers follow

the prescribed order of lessons and units. Teacher notes for each unit

refer teachers to earlier lessons which are prerequisite. Teachers

whose classes are new to the program may wish to provide additional intro-

ductory activities or adapt supplemertary activities.

4.3 Teacher Prercatisites

Developers originally intended that inservice training in the Minne-

mast philosophy and mode of teaching would be an integral part of the

program. Therefore, teacher manuals spell out in detail what teachers

should do but do not explain why they should do it. If teachers do not

understand the rationale behind the program, they are likely to follow

directions unthinkingly and tna program will take on a highly teacher-

directive style entirely contrary to the developers' intent. Although

Minnemast developers conducted courses to introduce teachers to Minnemast

in the past, these efforts were curtailed because of funding shortages.

Occasionally, Minnemast staff members teach workshops on a consultant

basis. Interested groups should contact the developer. Over the years,

the National Science Foundation has also sponsored several i:orkshops in

Minnemest across the United States. At the very least, teachers planning

to implement the program should pian to attend a course concentrating on

active-learning or math workshop styles of teaching before using the pro-

gram. Such courses are available in most colleges, extension departments,

and teachers' centers.
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4.5 Demonstration Sites

The following is a partial list of schools where Minnemast has been

used for more than one year.

Florida: University of West Florida
Pensacola, Fla.

Illinois: Evergreen Park School District
Evergreen Park, Ill.

Louisiana: Rapides Parish School District
Alexandria, La.

Massachusetts: South Hadley School District
South Hadley, Mass.

Minnesota: Burnsville Public Schools
Burnsville, Minn.

Mississippi: Leflore City School District
Leflore City, Miss.

Missouri: Kirkville R-III School District
Kirkville, Mo.

New Jersey: Newton Public Schools
Newton, N.J.

New York: Union Free School District
Oceanside, N.Y.

Texas: Keene Adventist
Keene, Tex.

Virginia: Falls Church School District
Falls Church, Va.

Washington: Edmonds School District
Lynnwood, Wash.

Wisconsin: Alverno College Elementary
Milwaukee, Wis.

185



BEST COPY AVAILABLE

5. PROGRAM DEVELOPMENT AND EVALUATION

5.1 Program Develjmont

In the early 1960's many educators, scientists, mathematicians
began urging the development of elementary school corr-icula which would

integrate science and matJiematics. Minnemast we,s the earliest of the

programs planned to accomplish that purpose. :n 1964 ilinnemast's first

director, Paul Rosenbloom,stated, "Wi! are oussioly the only ones

attempting a full-fledo:to coordination of thevarrioolux." Nany of

Minnemast's initiators later 'influenced the development of other math-

ematics and science curricula. Roberi. Karplus 'ateo the director of

SCIS (Science Curriculum Improvement Study).directed the initial stages
of the development of science units. ,James Werntz, Jr.:, professor of

physics,was director of Minnemast from 1965 to ;72, He later partici-

pated in the development of USES, another combined mathematics/science
program which was developed io .,--sponse to suggestions growing out of

the 1967 Cambridge Coni.erencE. on the CerrelaLion or Science and Math-

ematics in the School. (OITS i describeo in a soparCi report in

this book.)

Minnemast originaliy began as a mathematics program, Minnemath, at

the University of Minnesota. in 196 the project received its initial

National Science Foundation support teams of more than 60 mathematicians,

scientists, and eddoatois began developing indapendwIt mathematics and

science materials for kinUeogarten through sixth gr;,:cle. The units were

revised after classroom trials, and developers began combining the two

subjects into a c000din,cted mathematics/science series. Minnemast

developers had original iy erwisioned a comniete K-6 program, but because

of funding shortageF covelo2ment was terminated in 1959. The task of

weaving the athel3a0os -,cicnce units together was accomplished only

through third grade bejoJoo fondiog oas discontinued.

The project is no lony,,:n active at the University of Minnesota, but

a Minnemast office oer;olir. distiibotor of !.he ifoteriel, and Alan

Humphreys and Thomas Poi c or no University'o depart,ont of elementary

education aro in tnuon .,oncoi people Minnomav or considering

adoption.

5.2 Developer's Lw,:o;t-,

During the coJrse iAinninnst dt:veloo!iieot, the curriculum was

field tested in ol,Ay000lo ooss the nation. The materials were

revised on the bask or tononer ano ofo:erver comments and results of

student tests of of rori;ain

Dato or studoilt P-r!:-.: or selofo.d avithmetic aohievement tests

were collectk, but c reorr wa-, not prepared Similarly, a sum-

mative evaluation of the corcicnlai,. rks)t bo comoleted because of

the premature termination of No proje,t.
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Developers note that they continue to receive orders for replace-

ment or implementation materials. This continuing interest in Minnemast

is impressive when one considers that because of its incomplete status,
Minnemast was never commercially published as were other major science
projects of its era (Science--A Process Approa:h, Elementary Science
Study, SCIS). The Minnemast Center at the University of Minnesota con-
tinued to distribute all printed materials but entered into contracts
with various distributors to market the classroom kits and manipulatives.
Difficulty in assembling materials from three different suppliers was
for several years a handicap to implementation. In spite of this draw-
back and regardless of the fact that the program has never received
commercial promotion, developers say it continues to sell by word of
mouth.

5.3 Project Fundtng

Minnemast received funding from the National Science Foundation from

1962-69. Supplementary support was given by the Louis W. and Maud Hill
Family Foundation of St. Paul, The School Mathematics Study Group, The
U.S. Office of Education, and the National Institute of Health. The

project uses money from the sale of materials to support program dissem-
ination.

5.4 Project Staff

The project was initiated by Professor Paul C. Rosenbloom of the

University of Minnesota. Dr. James Werntz, Jr., professor of physics,

University of Minnesota, was director from 1965-72. The program is

presently directed by Alan Humphreys, associate professor of elementary

education.
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UNIFIED SCIENCE AND MATHEMATICS FOR ELEMENTARY SCHOOLS (USMES)
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INTROuUCTION

_'Lt lb ;he L,h4.A:?ngo: "Pin.a a OP mu;,:c Aoigez.

in 'l 2.' th7t :/o;i 4ao co rZ good fit."

:Atthcf-: E.10'.e:t,avj Schoo!,n)

(!lace .e.9-!:gn and 'nuke ,?..-1,2,p2;:tyy aprons which atudents

J ouil woar wor7:ed in th.s,ir z,;:.rk$.3hop. Sm;.1.-L group:3

hildren p,)L%c4 (i';'ter students in ;he a3k2n1. to gathe4. auvestions

Tor cipr2q Jt?si.gn, co.17.0ted appropriate meas2.=/.ements, grapneu vhe

aai on. TIlE 37414.48 ::hen JCL"- ..-Att.

ocilIce Ac?i puroled t*e l!e_tePsary mat6,ri-zs 1:nd divided

the pPCi.-7.1.4,:::::)?. arr.c;?,) groupc of studcnts. When the apm.nc corn-

thc ":teL J.p.00n ! 2d oH '.;han d`.; vrons.

Throughout the unit, students practiced or learned new 'kiils in
math, science, social studies, and language arts. In planning the

design and construction of the aprons the students used sampling, mea-
surement, and computational skills. Development and solution of their

specific problem, making the aprons, required that students use scientific

inquiry methods. Social studies concepts were practiced as the class

worked in groups, disseminated information,and considered individual
differences and sWlarities during group reports students improved

language arts skills.

Developers expect that each class using an USMES unit will approach
that "challenge" in d different manner; for instance, one class built

comfortable chairs in conjunction with the unit described above. Because

activities differ accordin(e, to student choice, different classes are

expected to learn different 'chines. What all children are expected to

learn from USMES chat is the process of organizing their thoughts and

personal and material reseurces, and the processes of tracking down infor-
mation and learning the skills oeeded to accomplish a practical objective.

USMES is supplementary prcejr,:ea weaving together elementary math,

science, language arts, ald eecial studies by posing challenges to a

class to solve long-range preblems abeet their scnool, neighborhood, or

classroom. The challeoges aee intended to te strongly motivating to
children by emphasizing chiOren's choices, to provide concrete examples

of abstract concepts in math end ecience, and to give children experience

in the objective, practical approach needed for real-life decision making.

The first chollengee were suggested in the report of. the 1967

Cambridge Conference on tW! Correlation of Science and Mathematics in

the schools. Those chelIenges were leveloped and added to by professors
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and teachers who had attended the conference, and in 1970 they became
the nucleus of a development project funded by the National Science
Foundation at the Education Development Center (EDC) in Newton,
Massachusetts.

The materials for each unit are records of the ways that widely
varying groups of students responded as they investigated the same
challenge, and of the skills they learned. Units include teachers'

journals detailing ways they adapted challenges to suit class environ-
ment, interests, and learning needs. Twelve units are available in 1974,
7 are being classroom tested, and about 10 more ideas are being considered
for development during 1974-75. In all, developers at EDC plan to com-
plete 32 units by 1973.

191



BASIC INFORMATION.

itiogrwn name: Unified Science and Mathematics for Elementary Schools

(USMES)

Format: Independent teaching units integrating mathematics, physical

science, language arts, and social studies, and posing real-life

problems (called "challenges") for the class to solve.

Uniquenees: Long-term problems involving the whole class in adult-style

research and development; individual students pursue investigative

and decision-making tasks.

Content: Problem statements or "challenges" involving interdisciplinary

work in mathematics, science, language arts, and social studies.

Every class's work is different because it is shaped by the distinct

interests and needs of the individual school environment.

Sugg,,eted use: Developers recommend that one-fourth to one-third of

the total school program be devoted to work on USMES. Units are

designed to complement and enrich, not replace, the regular math,

science, language arts, and social studies curric.fla.

Target audi.ence: Students of all socioeconomic, cultural, and intellec-

tual backgrounds in kinderorten through eighth grade.

Length of u6e: Usually 45-60 hours for three to eight months for each

unit.

AidJ for teaohcw

Teacher's Resource Book foi- each unit--background materials, discus-

sions of classroom managenent, and descriptions of activities which

previous classes have undertaken.

"How To cards--short seq,:ences of directed-learning task cards for

students to use when they need a particular skill in order to work

on a challenge

The USMES Guide - -a program overview for long-range planning.

Design Lab - -a workshop, provided by the school, where students and

teachers make the equipment they need for researching and solving

challenges.

Design Lab Manual--describes Lab specifications and place of Lab in

total school program.
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Background Papers--background information for teachers on a variety

of topics that may arise during the course of a unit.

,4to 01 publication: Twelve units published by EDC in 1974; 17 more in

testing or development stages. Materials mentioned in this report

are available from the developer. Interested schools are urged to

contact the developer before using the units, because USMES should

be used only in conjunction with workshops designed to introduce
teachers and administrators to the required teaching approach.

Director /Developer: Earle L. Lomon, Professor of Physics, Massachusetts

Institute of Technology. Education Development Center, 55 Chapel

St., Newton, Mass. 02160.

)ublicher: Unified Science and Mathematics for Elementary School Project,
Education Development Center, 55 Chapel St., Newton, Mass. 02160.
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1. GOALS AND RATIONALE

1.1 Goals

USMES grew out of resolutions adopted at the 1967 Cambridge Con-

ference on the Correlation of Science and Mathematics in the Schools,

a gathering of scientists, mathematicians, and educators believing that

in our technological society even ordinary citizens need the kind of

schooling that will result in scientific understanding: "not so much

the mastery of techniques, which rapidly become outmoded, but the ability

and habit of thinking through specific problems."

USMES designers aim to convince students of the usefulness of science

and mathematics in our society by involving them in research and develop-

ment projects which require the use of math, science, social science, and

language arts skills. Casting these'academic subjects in practical

situations meaningful to children is done not just to build skills more

efficiently, but more importantly to give practice in responsible, self-

determined of skills. Decisions which adults have to make require

the ability to understand a situation - -to observe, organize, quantify,

predict, and control. Acquiring these abilities and being able to apply

them thoughtfully are the deeper purposes of the USMES program.

Earle Lomon, director of the USMES development group, states that

emphasis on real-life problems not only draws social studies and. language

into the math and science learning, but also conveys to children the

self- respect that comes from working on matters that have importance for

adults as well as for children. Lomon wants children to have experience

changing a bit of their society because he believes in this way they will

gain confidence in the political process. Lomon explains:

There are imeortant subjectsthings kids can do some-

thing about, can act on directly. This type of experi-

ence provides them with actual political experience.

It involves them with adults and with adult problems

in a way that directly prepares them for being adults

in this society. . . . We're not putting out kits or

units of "magic materials"; rather we're raising vital

problems and trying to find out what kids can do with

them. .
We consider the unit a success only if it

leads many students to pursue the problems entil some

considerable progress has been made toward its solution.*

*Unless otherwise indicated, all quotations are drawn from materials

issued by the developer f'Y from conversations with the developer.
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The program is organized to require group work on problems rather
than individual investigations, so that children will get experience
in planning, working, communicating, and decision making in groups- -

other essential skills for political maturity.

Since USMES differs from traditional textbook learning, it usually
requires a change in teaching style. The developers say that they con-

sider the project's effect on teaching style as important as the develop-
ment of new units; much of the staff's energy has gone into organizing
pre- and inservice teacher training. Developers anticipate that teachers

who use USMES will become so adept at working with students on problem-
solving experiences that they will be able to create their own USMCS-

type projects.

1.2 Rationale

The rationale for teaching children problem solving through math-
ematics and science grows out of a belief that children learn through
experience, and that they will learn far more from a real experience

than from a contrived one. USMES developers see four important educa-
tional advantages to basing USMES units on real-life problem-solving
activities. First, motivation is provided by a student's expectation
of bringing about a change that will be useful to him and his school.
He can be proud of his accomplishments, and more importantly, he will
grow to appreciate the power of applied intelligence.

. . .Science and mathematics thinking has [an] immediate
payoff, especially for the elementary school student. . .

a-child can make his own observations and organize them,
then make his own predictions and check them. Thus he

can directly appreciate the power of the scientific style

of thought. In mathematics, a child can be led to see for
himself how focus on essential concepts can snake hard
problems easy and bring seemingly impossible problems
within range. . . . This means that science and mathematics

. . .are ideal vehicles for the primary message of our

educational process: Thinking is worthwhile.'

Second, high stinlards for a student's work come out of his own
need for success and correctness in order to attain a goal important

to him.

Third, a problem-solving approach requires that the problem (or

"challenge") be analyzed by the students themselves so that they can
decide which aspects of the problem they need to investigate. The

developers believe that one of the most useful skills students--and

adults--can learn is where to begin to tackle a problem.

Finally, problems leading to real projects do not have artificial

data or requirements, nor are they overly simplified. As they work on
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real problems, therefore, students are more likely to develop all the

aspects of good problem solving. The developers have identified these

as: observation, quantificat:on, aimplification of the problem, applying

judgment, formulation and trial of successive models for change, acquisi-

tion of needed ekil/s, and development of a critical faculty. Unlike

science and mathematics programs in which each unit centers on one basic

concept, USMES units are based on problem-solving work that requires the

student to learn many skills and concepts as he works toward a solution.

In most instances the student is expected to learn through observing

the results of his own and classmates' experiences. Students are encour-

aged to work things out for themselves cooperatively and to learn from

needs they discover as they proceed toward solutions of the problems.

Thus the USMES view of discovery learning is in between "guided dis-

covery," in which everything the student is supposed to discover has

been planted in the activities ahead of time by the teacher or the

materials (like a treasure hunt), and "messing about" in which no culmin-

ating concept or "light-bulb" experience is required to flow out of the

random activity. To the extent that students accept a challenge and

with help from the teacher pursue its solution, developers expect students

to gain in responsibility for their own learning. They should also

begin to sense their potential as learners and their own power to affect

their social environment.

2. CONTENT AND MATERIALS

2.1 Content Focus.

All USMES units focus primarily on the processes included in prob-

lem solving. The learning experience always includes the steps of

deciding to seek a solution, evolving a set of plans, carrying out

specific tasks, analyzing rlsults, and recommending changes or producing

new products.

The USMES units emphasize:

observing
data gathering
hypothesizing
interviewing
designing and building test apparatus
controlling variables
statistical analysis
recording data accurately and efficiently
making and disseminating products
testing procedures
writing evaluations
improving small-group dynamics
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In order to pursue these activities, the students must blend concepts,

skills, and knowledge from mathematics, natural and social science, and

language arts. Developers caution, however, that the curriculum is
intended to be supplementary; students cannot learn everything they need

to know through USMES:

USMES, or a similar program, can enrich each subject
area and therefore can be allotted time normally given

to each part of the school program. On the other hand,
it will not fulfill every cognitive and affective need;
learning is best attained through a mixture of modes

and strategies. Furthermore, the openness of USMES
activities implies that other more structured programs
may be needed to fill in gaps, or teach the more formal

aspects of the disciplines which are within the cognitive
range of children in grades 1-8.

The developers emphasize that an USMES unit takes a different direc-
tion and shape in every classroom in which it is used--the unit becomes

unique to that class. However, because the units which are available

for use in schools have grown out of many classroom experiences with the

same topic, the developers predict the subjects and skills which students

can learn as they work on the unit. Each Teacher's Resource Book con-

tains an index of the activities that may be underte en. For instance,

in the Lunch Line Unit (used successfully in grades 2-u), this index

includes counting, timing, and graphing activities; organization of

groups and discussion of tasks; making scale drawings and models;
studying nutrition; making lunchroom posters and slogans; writing, admin-

istering, and reporting on questionnaires, interviews, and surveys; dis-
cussion and presentation of recommended improvements; and trial of recom-

mended improvements.

Each of the units integrates aspects of mathematics with social

science, physical science, and language arts. The unit, Play Area

Design, for example, might include activities from physics (mass and

springs, pendulums, friction and stress, centrifugal force); biology and

ecology (animals and plants to be displaced or included in the new envi-

ronment, exercise and human health, drainage); mathematics (computation,

geometry, cost analysis, scale models and mapping); community relations;

economics; geography; child development; population; land use; and what-

ever else is needed to develop a local solution to the challenge of

designing a playground. In general, units contain abundant opportunities

?t' mathematical, language arts, social and physical science activities.

There are fewer opportunities for .. xperiences in the biological sciences

in the units currently available for classroom use. However, three new

units now in development (School Zoo, Nature Trails, and Growing Plants)

emphasize biology.
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2.2 Content and Organization of the Curriculum

The curriculum consists of units that are organized around a prob-

lem (called a "challenge") for students to solve. The twelve units that

are ready for classroom use are described below. Developers do not

specify particular grade levels for each of the units. They say that

teachers should review the units and then decide how to adapt them to

fit their particular group of students.

1. Pedeatrian Crosaings (The challenge is, "Recommend and try to have

a change made which would improve the safety and convenience of a

pedestrian crossing near you.' school.")

One of a series of units originally suggested at the 1967 Cambridge

Conference on the Correlation of Science and Mathematics in the

Schools. Children collect a great deal of data under different con-

ditions, make comparisons, draw conclusions, and recommend improve-

ments. They may decide to design and carry out a field investigation

to measure the performance of various pedestrian crossings under

different types of control.

2. Describing People ("Find out what is the best information to put in

a description so that a person can be quickly and easily identified.")

Student's own concern for self-identification is extended into a

broader search for a systematic way to identify a person by recog-

nizing certain physical characteristics. For instance, what kinds

of information are the most efficient for finding one person in a

crowded lunchroom? Primary classes have been especially interested

in this problem.

3. Burglar Alarm design ("Build a burglar alarm which will give adequate

warning.")

A practical design problem which requires the exploration of many

different concepts in electricity. Students learn about basic

circuit components and characteristics from the Elementary S:ience

Study (ESS) unit, "Batteries and Bulbs," or by working through the

USMES "How To" cards including: "How to Make Simple Electric Cir-

cuits," "How to Check a Circuit by Tracing the Path of the Electric-

ity," "How to Make Good Electrical Connections," "How to Find Out

What Things to Use in an Electric Circuit," and "How to Make a

Battery Holder and Bulb Socket."

4. Dice Design ("Construct practical shapes which can be used as dice

to make a fair decision between two or among four. . .choices.")

Design activities, primarily in spatial geometry, blended with testing

activities including probability and statistics. Understanding of

functions and graphing are needed to solve the problem of whether a

student-constructed shi.pe is q "fair" die.
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Each Teacher's Resource Book contains descriptions of available

Background Papers written by USMES staff, consultants, and teachers.

Teachers use these to understand basic concepts and to organize .

materials as they make decisions about how to proceed with the unit.

The Background Papers also suggest additional experiences or explain

in detail activities recommended in the Teacher Logs. Descriptions

of the following Background Papers are included in the Dice Design

Resource Book: Fair and Regular Polyhedra, Making Polyhedra, Solids

Made of Equilateral Triangles, The Five Regular Solids, Semi-regular .

Solids, Mass Production of Equilateral Triangles and Squares, Thumb-

tack Experiments (probability), Coin Games (ranges and probability),

and Geometric Comparison of Ratios.

5. :unoh Lines ("Recommend and try to have changes made which would

improve the service in your lunchroom.")

Students are motivated by their own daily lunchroom experiences and

by the possibility of real changes in a school service coming out

of their efforts. They make detailed observations of the present

conditions in the lunchroom; then hypothesize and test improvements

in the problem areas (serving arrangements, change-making, garbage

collection, traffic flow, table arrangement, milk distribution,

noise, dismissal !.:hedules, etc.).

6. Soft Drink Design ("Invent a new soft drink which would be popular

and produced at a low cost.")

Students may start with opinion polls to determine favorite !rinks,

or they may conduct blindfold-tasting tests to explore taste factors.

The information from these factor analyses is combined in the inven-

tion of a new soft drink. Aspects of the problem which often arise

are three-dimensional data representation, random sampling, ecology,

nutrition, advertising and consumer attitudes, production procedures,

and market research.

7. Designing for Human Et.oprtions ("Find a way to design or make

changes in things that you use or wear sa that they will be a good

fit.")

Possible class challenges: "Design chairs which would be comfortable

for students in your class. Determine how many sizes of Design Lab

aprons should be made for students in your school for comfort and

reasonable cost."

This unit grew out of activities that originated in classes devel-

oping the Describing People Unit. Students first use their own body

measurement data to devise a measuring system, including a set of

standard sizes for each age group. Instruments suitable for making

different body measurements are designed and constructed in a school

workshop.
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Analysis of the data deter.Hnes how many sizes are needed; considera-

tion of the trade-off cr cost for comfort is an important aspect of

this decision. In eome cl:ses this work has led into investigation

of rates of growth. It i. hoped that the students will carry out

their projects to the point of actual construction of furniture and

clothing, making successive i.eproveLlents and refinements over a

period of trials. Follow-up activities might include studies on

production and market;ng, origin and conseevation of raw materials,

home and schco' design, or .consumer research on other items.

8.
("Oetermile which brand of a pro-

duct is the best buy fcr a certain purpose.").

Which tape sticks the best and lasts the longest for the price?

Wnich paper towelling is the best for a colitination of wiping and

absorbing? Which pencils should the school buy? Often the work

begins with investigations of claims made on TV commercials. The

balance of qui0ity "!.:z. price that is acceptable to the customer is

tested. Students exchange ideas about which factors are relevant,

suitabilitj of te;ti, e!x. Socioeconomic questions arise from com-

parative shoppIeo ;;:o-3ts io different neighborhoods, taste prefer-

ences) .
Students viay Qecide to design and produce a better product

of their own, o-oducn ads and commercials.

9. ("'.:eat eill the weather be this afternoon. . .

tomorrow? Find out what tlfor,atic,!, helps you most in accurately

predicting the weather.

Students investigatr eeathei conditions and the effect that they

have. on people's lives. Some students may build weather instru-

ments; others ;nay pv,t recor6.; or develop ways to record

current data. CorYeletion of observations with predictions should

begin early in the eeit. Students way wish to issue forecasts or

hold competitions to preo!ct the weather For a special event.

10. 2l ay APC nc::omlend and try to have changes made

which would improve the desire or use of your school's play area.")

Students tackle prucif.,os of p1,2Aaund improvements ur eroasion.

Small grouos area od equipment, su-vey ste ,ents in the

school to detemino jrcup necis, visit °th re. plat areas, make

scale drawings cr cooeteuet r:iode!s, and investigate tee financial

aspects or the problem, After the problem has been fully investi-

gated, reeommendatioff. are made to the eeeool administration; if

possible, acted? improvew.ents are wide= in the play area.

11. Tra, flke:o,thlierr! aced try tc, h,:v a new road design or a

systeff; for rer:Jutinj traffi,: :ccepted so that cars and trucks can

move safely &I; a ,;_la7,o;laole ipeed throJgn a busy intersection near

your school. ")
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Students investigate traffic patterns at a nearby intersection.
After determining factors such as speed of cars, adherence to
traffic regulations, and length of entrance and exit lanes, the
students design a new system, taking into account safety, cost,
and minimum use of land.

12. Eiectromigne!ie Device Design ("Design a good electromagnet for a
specific purpose.")

Frequently this unit is used in conjunction with the Burglar Alarm
Unit since an electromagnet is a way for students to make a signal
operate in a second circuit when the first circuit i3 broken. During
the unit children investigate the variables affecting the strength
of the electromagnet as they search for a way to build a strong or
lightweight electromagnet.

The following seven units underwent classroom development during
1973-74. During the 1974-75 school year they will undergo trial imple-
mentation.

1. Bicycle Transportation: While attempting to make cycling a conve-
nient and safe way to travel, students investigate safe routes or
plan new ones, set un a safety course, or develop security arrange-
ments for bicycle parking.

2. Ways to Learn: Students investigate individual variables in rates

and styles of learning.

3. Classroom Design: Students determine what factors in their class-
room environment are conducive or detrimental to learning and recom-

mend changes to the teacher and school administrators.

4. Aanufacturing: Students wre.tle with decisions any small
entrepreneur might face: what to produce, what method is
how cost should be determined, and how the item should be
Students might consider candles, skate scooters, electric
bookends, etc.

scale
best,

marketed.
games,

5. School Zoo: Students keep records, make cages, measure food and
water consumption, etc., for classroom pets.

6. Orientation: How can students make the transition to a new school
or community easier for a newcomer? Children conduct surveys to
discover what problems exist, collect information newcomers may
need, and provide services to help new arrivals.

7. Advertising: Students investigate the best ways to advertise a pro-

duct or idea and conduct surveys and experiments to determine the

effectiveness of the different approaches. Students might launch

an advertising campaign in conjunction with another USMES unit (for

example, Manufacturing or Soft Drink Design).
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Ten additional topics 2,,,oign irz!: Deal:Ign, Finding YL;Ur Way, Maas

Arz:A4p, GaTr$ for rndoor Rcc,138,

;too.1. .v11 :!anae,nent, and .?eoycl:Kg

plus .7(itoo! SUpplieS/:70;1.3)1 .:1;:iPt are being considered for development

during the 1974-75 school year. Those units which are adopted will be

field tested in 1975-76.

2.3 Materials Provided

Student. The project director has commented:

We're not putting out kits or units of magic materials;
rather we're raising problems and trying to find out
what kids can really do. It's very important that the
curriculum be op,:n in how the kids actually follow
their owe lead, and we give then no equipment kits,
just a Design Lab that is a general shop plus some
measuring and testing equipment and the ''How To" cards

to help when they get stuck. Our purpose is to keep

the learning environment really their own.

"lbw T)" cards are short sets of instructicns to help students

solve problems that may arise during the course of a unit; they are

the only written materials which USMES nas developed for students.

USMES staff cautions that the cards should not be used as a sequence

or set of programmed "task" cards; they should not be introduced at the

start of the unit er outside the context of the student's open investi-

gation of a practical problem. Earle Lomon points out that the cards

are 00.: for use to motivate bored children ("Why don't you try this?"),

but only when a child ,..e;:s for them ("I'm stuck, and I need to know

'how to'. . .

Teacher. USMES teacher materials consist of the USMES Guide,

Teacher's source Books, a Design Lab Manual, and Background Papers.

:"46! ;u::1,; is an overview of the program; developers suggest

that it be used for long-range USMES-centered curriculum planning. To

relate USMES units to elements of the regular classroom curriculum,

developers have prepared charts which delineate major activities in

USMES units and show ;kills, processes, and concepts which are emphasized

n the units. The Guide also contains basic information about each of

the unts, the Design Lab, a list of "How To" cards, and an annotated

list of- the available Background Papers.

Every USMES unit has its own 'i.r.,.:!hoP'n :?eo.97.0.,,:Y Book which contains

all the materials needed for beginning a class project on the challenge

posed by the unit. T+4:1 or three logs are included, made by teachers whose

classes pursued the challenge. These logs are anecdotal, detailed,

journal-like descriptions of a class's work on the unit. All the activi-

ties undertaken are df,%rihed, including student work, teacher prepara-
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tion and suggestions, and problems which arose. Many actual examples

of student work are included. The logs are e heart of the USMES

materials. For those unable to attend a teacher's workshop or visit an

USMES classroom, reading the logs is the best way to understand the

flavor and scope of the program. Teacher Resource Books also contain

a descripticn of USMES philosophy and approach, information about the

unit, references to materials relevant to the unit, and charts which

indicate the skills, concepts, and processes that students have learned

and practiced in USMES.

The Design Lab Mdnual includes information about cost, scheduling,

safety, staffing, training, and an inventory of tools and supplies for a

classroom or school workshop in which children can make equipment to

pursue their challenge.

The Background Papers provide information for teachers on a variety

cf topics that might arise during the course of an USMES unit. Some of

the Papers available in connection with one unit, Pedestrian Crossings,

are: "Traffic Flow at Pedestrian Crossings," "Notes on the Use of

Histograms for Pedestrian Crossings Problem," "Notes on Data Handling,"

and "Using Scatter Graphs to Spot Trends."

2.4 Materials Not Provided

Desi n Lab. The Design Lab may take many forms; it may be a corner

of a c assroom, a movable cart, or a separate classroom containing tools

and materials used for constrL:tion and testing. Developers describe

the Lab as a place where "A student is free to build his own apparatus

according to his own theories, making whatever mistakes he is bound to

make, and benefiting from V.Jse mistakes, thereby arriving at improved

designs."

Although some USMES activities can be conducted successfully with-

out a Design Lab, a comprehensive program requires one. Cost and

staffing of the Design Lab (both borne by the school) are discussed in

Section 4. A complete inventory of suggested tools and supplies can be

found in the Design Lab Manual and in the USMES Guide. All are available

from department, hardware, electronic, stationery stores, and lumber yards.

3. CLASSROOM ACTION

3.1 Teachinklearning.Strateqt

USMES requires an active-learning approach; the student gains

information and skills through a wide variety of activities which he

chooses to do in order to solve the long-range, practical problems posed

by USMES units. The teacher suggests, coordinates, and extends these

activities for individual students, far small groups, and for the class

as a whole.
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USMES is intended to be a supplementary curriculum; student: are

not expected to cover certain subject matter in a specified amount of

time. Developers suggest that USMES sessions be held at least 2 or 3

times a week for a tutal of 45-60 hours over a 3- to 8-month period

However, some classes may spend an entire year on one unit. Because

there are no set deadlines for completion of a unit, teachers can afford

to let students make mistakes. This freedom to make mistakes allows

students to fully investigate a problem and to learn through trial of

various solutions. Developers assume that teachers will cover skills
and concepts not. learned through USMES during other parts of the day.

The specific learning experiences which occur as a class works on

a unit will obviously differ from student to student and class to class.

The Teacher's Resource Book offers suggestions on several ways to
approach a single unit as well as detailed Teacher Logs describing how

different classes pursued challenges. The flow chart on the following

page suggest some activities which might take place in the classroom.

Obviously, USMES activities require that the teacher be skillful

in classroom management. USMES publications describe these additional

teacher responsibilities:

1. Introduce the challenge in a meaningful liay that not

only allows the children to relate it to their particular

situation but also opens up general avenues of approach.

2. Act as a coordinator and collaborator. Assist, not direct,

individuals or groups of students as they investigate
different aspects of the problem.

3. Hold USMES sessions at least two or three times a week so

that the children have a chance to become involved in the

cnallenge and carry out in-depth investigations.

4. Provide the tools and supplies necessary for initial hands-

on work in the classroom or make arrangements for the

children to work in the Design Lab.

5. Be patient in letting the children make their own mistakes

and find their own way, Offer assistance or point out

sources of help specific information, such as the "How

To" cards, only when a child reacher the point of frustra-

tion in his approach to the problem,

6. Provide frequent opportunities for group reports and

student exchanges of ideas in class discussions. In most

cases, students will, by their critical examination of

procedures, improve or set new directions in their

investigations.
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3. FLOW CHART

Pedestrian Crossings

Challenge: Recommend and try to have a change made which would improve the

safety and convenience of a pedestrian crossing near your school.

Main

Activities:

Class Discussion: Are nearby crossings safe? Do you have

to wait too long? Axe traffic controls needed?

Observation of controlled & uncontrolled

pedestrian crossings.

Class Discussion: Report on observations: list hazards,

Measurements needed to study possible improvements.

Design & construction
Classroom simulation of

of measuring instrenterm---------m4 activities.

sr

jCollection of at intersections.

Speed of cars
(distance, time).

Timing
(crossing timeo,
gap mes).

ir

Counting
(rate of flow
of traffic)

Class Discussion: Conclusions that can ue drawn -from

measurements, graphs, accuracy of data, correlation of

data, new data needed. Recommendation for contr 1.

1
Preparation of of new

bar graphs, line.--fand different data.

graphs, histo-
grams.

Construction of Production of

scale layouts, films. Other

traffic signals, activities.

etc.

Class Discussion: Final recommendation(s) for improvement.

Plans for class report on findings.

/
Tryout of suggeste1 d improvement. Report writing.

1

I 1

4

410 110

Optional USMES unit: Alternative trans- 'Study of costs

Follow-up Traffic Flow. portation methods, of controls

Activities: city economics.

....-----A,
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7. If necessary, ask appropriate questions to stimulate the

student's thinking so that he will increase the depth of

his investigations or analysis of data.

During the teacher's informal conversations with students, she

identifies the inadequacies in experience and concept that are hampering

progress and suggests an activity leading to needed skills, facts, or

ideas. Through observation, listening, and questioning, she assessec

the student's absorption of the work into his total experience. US.,LS

requires teachers with belief and experience in this manner of working

with children.

Although students may spend most of their time working individually

or in pairs or small groups, the fa:. that the whole class is engaged

in working together on the same unit makes it necessary for them to plan

together, to discuss what they're finding, and to take into account and

learn from each other's experience. USMES encourages students to teach

and help one another. 'The student is also seen as a self-teacher because

at each step he is encouraged to decide what work he wants to do and

to carry it out himself with the support of his classmates, his teacher,

and the Design Lab ccordinator.

3.2 Typical Work qv) a Unit

Following is a description of student activities, many of which are

represented on the flow chart in the preceding section.

Challenge: Recom. .d and try to have a change made which

would improve the safety and convenience of a

pedestrian crossing near your school.

One sixth grade teacher initiated this unit with a discussion of

routes students took to get to school, and what problems they had

crossing streets. Singling out a nearby crossing that did not have a

signal light, the class came up with factors which made crossing diffi-

cult. With the goal of determining how to make the crossing safe, the

entire class initially visited the crossing and made maps of the inter-

section. Then, one group spent about three weeks making a scale model

of the area. In order to accomplish this they used information from

"How To" cards on scaling, measured the crossing, drew a blueprint, and,

finally made the model in the Design Lab from Tri-wall and papier mache.

(Individual children next decided to make their own models. The group

that made the original model taught other students scaling procelures.

These students used the information to build small reproductions of

the original model.)

During the model-building, four small groups were going to the

intersection once a day for about 45 minutes to measure gap times

between cars traveling through the intersection. Two groups recorded

information on cars going in one direction, two groups did the same for
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cars traveling the other way. After subtracting arrival times to get

aap times, students tallied up times, and made bar graphs. The four

groups then reported to the class that 70 percent of the gap times were

less than five seconds. This information led them to realize that the

crossing could be considered safe only if it took people less than five

seconds to cross. The four groups next timed students as they crossed

and discovered that the average crossing time was eight and one-third

seconds. Another group timed the signal light at another nearby inter-

section to determine the amount of time allowed for crossing.

While at the intersection, children discovered that many cars did

not signal before turning. Another group was formed to record the number

of cars that signaled compared to the number that did not. Data collected

over a five-day period showed that 41 percent of the cars did not signal.

The children drew and held "Please use your blinkers" signs at the inter-

section and reported to the class that their three-day investigation

showed that 95 percent of the drivers signaled when the signs were held.

A school safety officer was invited to attend a class presentation in

which students used graphs, maps, and the scale model to present their

findings and recommendations.

For the next several months the class continued working on the unit.

They wrote letters to the state traffic department, constructed traffic

lights, made trundle wheels, compared crossing times at four different

places, and made a video tape and scale models of first graders and cars

as a part of a traffic safety program they developed for primary students.

As a final project the students investigated school driveway and parking

area problems and made recommendations to the principal.

3.3 Evaluation of Students

The evaluation of students working on an USMES unit is done by the

teacher. The developers give no specific guidelines for evaluation

because they believe that the work in each class will be different, that

what each student will learn prom his work will be different, and that

each teacher should be free to approach the work in any way that will

be beneficial to the students. As the teacher diagnoses what skills and

in 4rmation a child needs to proceed with what he wants to accomplish,

she is evaluating as well. As she helps students prepare reports she

will recognize what they have and have not learned.

Teacher Resource hooks for each unit contain examples of the

developer's conception of good class work and lists of concepts and skills

used in each major activity; additional charts relate activities to

subject matter. Although developers emphasize that each student and

class will pursue each unit in a different manner, these charts can be

used as general checklists to aid the teacher in student evaluation.

The students themselves become evaluators of their own progress in this

program; they decide what they need to learn in order to accomplish a

specific goal, and if they do not learn it, they are unable to proceed.
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3.4 Out-of-Class Preparation

Prior to beginninq a unit the teache must read the materials which

the developers provide. These include a Teacher's Resource Book, "How

To" cards, the USMES Guide, and Background Papers. She must consider

how her own class will approach the challenge, what skills they will

need to develop, the local factors which will affect the solutions

children try, etc. Also sne must work out with the Design Lab manager

the procedures and Mely materials her students will need in the

following months.

3.5 Role of Other Classroom Personnel

No assistant teachers or aides are required for the classroom man-

agement of an USMES unit. but they might be very helpful. The Design

Lab manager (who might be the classroom teacher, another school or

district staff member, or a community volunteer) is e very important

person in the successful use of an USMES unit. His or her role is

essentially that of a teacher; he must help students figure out (not

tell them) what materials and equipment they will need. Students may

need a variety of things, including measuring equipment (for example,

trundle wheels fur measuring crosswalks), or ways to represent data

(making scale models), or devices to construct (various polyhedra for

the Dice Design Unit). The Design Lab manager must share the USMES

learning philosophy and must be especially sensitive to helping students

learn to be responsible for their own learning. The USMES Guide explains

the manager's role:

The Design Lab manager or teacher provides an open

atmosphere for the students. They are not forced

into preconceived avenues of endeavor, which might

preclude the exploration of their own ideas. Experi-

ence in the Design Lab should be rewarding and mean-

-ingful to the student and help him learn to be inven-

tive, to be scientifically curious, and to work with

others.

4. IMPLEMENTAlION: REQUIREMENTS AND COSTS

4.1 School Facilities and ArlAngements

Because USMES integrates many subject areas and because it requires

an active-learning approach, it demands a greater change in the school

environment than a more traditional program would.

. . :it is not the relatively simple matter of taking

out an old curriculum in one or more subject areas

and replacing it with USMES. Rather, there is a need
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to rethink the whole program, deciding how to combine
USMES with other curricula to enhance the effective-
ness of all components. . . .The payoff can, however,
be very large; instead of merely improving pieces of
the curriculum, there is the opportunity to fundamentally
alter and improve the educational system. . .

USMES may be used in a variety of classroom arrangements. While
it is suitable for traditionally graded, self-contained classrooms or
homogeneous grouping, it is also an excellent supplementary or "core"
curriculum for nongraded, individualized groups, for "family" or
"vertical" classes, or for other forms of flexible and heterogeneous group-
ings. Because each challenge contains many different aspects, which
can be approached on different levels, the terms of a single challenge
can be made suitable for children of different preparation and ages.

While specific scheduling is left up to the individual teacher or
school, the developers recommend that about one-fourth to one-third of
the total sch6u program be devoted to work on USMES. Each challenge
is designed to represent from 45 to 60 hours over a 3- to 8-month period.
Teachers may choose to have students work on a single challenge before
moving to a new one or on a number of related challenges at one time.

Full implementation of USMES requires installation of a Design Lab
(see Section 2.4). The Lab may occupy one corner of a classroom, be a
movable cart, or a full-scale shop in a separate classroom. Optimally,
a full- or half-time staff person or volunteer is useful to operate the
Lab, but it can be handled by the regular classroom teacher.

For some of the units (for example, Pedestrian Crossings, Traffic
Interchange, Play Area Design, and Weather Prediction), students need
to gather data out-of-doors or of school grounds. Adequate provisions

must be made for safety, supervision, and transportation.

Because USMES differs from traditional programs, it is difficult
for one teacher to implement alone; administrative support is almost

always necessary. Developers note:

. . .except in rare cases the teacher still needs the
support of the administration. This is especially
important in USMES because the activities of students
range beyond the classroom and need to be coordinated

from grade to grade.

Although many teachers with sufficient classroom
autonomy have very successfully used USMES when no
one else in the school was involved, the cooperation

of the principal and district administrators is needed
to have an USMES program broadly implemented in a
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school or a district. The principal is the key element
in .reassuring teachers that USMES is an integral part
of the school program and can be used on an everyday

basis. He is responsible for providing space for a
Design Lab and arranging for its management. Arrange-

ments among teachers and aides to logistically support
the activities of the students in and out of the class-
room and Design Lab need his approval and possibly his
initiative. Laying out a coordinated long-range program
for the introduction of USMES at all grade levels needs
the kind of planning and information handling that the
principal is in the best position to provide.

4.2 Student Prerequisites

Developers say that "a sufficient background for USMES units is
much less than that required in the more traditional educational context
in which the student is expected to proceed rapidly along a predetermined

route. . .the [USMES] student may. . .acquire the skills and concepts

when needed in his search for some solution to the problem." The

following is a list of prerequisite skills which appears in the Teacher's
Resource Book for the Pedestrian Crossings unit.

1. Students who can count can make a start on the quantita-
tive aspects of the unit. Graphing skills may be learned

as the need for them arises.

2. Measurement skills may be learned as each new activity
is begun, and improved when additional or new data
are required.

3. An ability to divide by small one-digit numbers is
sufficient for making calculations for scale diagrams.
Young children can convert their measurements to
"blocks" on graph paper.

4. Sets of data can be compared graphically and by sub-
tracting medians (halfway values) and ranges; the
calculation of averages is not necessary.

USMES activities are designed to help children learn and practice

greater self-direction. However, in classes where students do not
already possess some self-control, or where teachers do not have experi-
ence engaging students in open-education type activities, organizing

students for USMES activities may be difficult.

4.3 Teacher Prerequisites

Providing an environment where students can explore and seek their

own solutions to relevant problems may be a big order for most teachers.

USMES developers, realizing that their program demands a change in both
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teacher and student behavior, suggest that teachers attend a workshop

before implementing the program. USMES developers offer summer "Resource
Personnel Workshops" to train district personnel, who in turn train
local teachers in USMES implementation. Participating districts must

agree to provide release time for teacher training and meetings during

the year, Design Lab space, materials, and staff. USMES furnishes a
vcomplete set of written materials; audio recordings and slides are
available on a rental or purchase basis. Districts differ in the ways

that they choose to train teachers and to implement the program; inser-
vice course length varies from several weeks to a semester. District

personnel are trained to conduct workshops aimed at giving teachers both
experience working with units and an understanding of the teacher's role
in USMES. During the courses, teachers work on adult challenges such
as designing ways to improve the teachers' lounge, auditorium, or office.

The workshop staff models the teacher's role in USMES, while teachers
werience for themselves the ways tneir students will approach unit

activities. Although a short period of time is spent discussing USMES
mode of teaching and learning, participants are expected to gain this
understanding through their work on the adult challenge or, whenever
possible, through working with children on small segments of several

USMES units.

Teachers who trial-test USMES units attend 8-10 workshops taught

by USMES staff. Travel and subsistence expenses for participants who

attend mere than one workshop are covered.by the project. In addition,

trial-test teachers are given a complete set of written materials and

a 25-dollar petty cash fund for materials not found in the Design Lab.

Teachers are required to try out the challengrts in their school to agree

to have observers visit their class, and to write reports on their

students' work. School administrators are required to permit teachers

to spend at least three hours a week on USMES and to provide a Design

Lab.

USMES preservice courses have been offered since 1971; inservice

courses sirce 1972. Up to the spring of 1974 nearly 20 colleges,

scattered around the United States, had offered USMES-related courses.

Developers pint out that the number of colleges offering USMES courses

is constantly increasing; an additional 26 institutions have submitted

proposals to NSF, requesting consideration for USMES implementation

funding.

4.4 EiasigrsAndancLIrainier Classroom Personnel

The Design Lab manager must be able to plan with the USMES teachers

so that the Lab is stocked with materials appropriate to the units

being used and so that the ideas the students explore in the Lab are

fully integrated with classroom work. He or she needs to have a sound

knowledge of mechanics, carpentry, and design and an imaginative,

problem-solving approach to setting up and running the Lab. Essentially

the Lab manager is a coordinator who organizes and facilitates students'

activities.
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USMES recommends that Lab managers participate in a five-day
training workshop held concurrently with a workshop for teachers. How-

ever, because managers are often not appointed until after the school

year begins, they may be unable to attend summer workshops. Developers

therefore suggest that teachers be trained as Design Lab managers so
that they will be able either to handle the Lab themselves or to train
others, either district personnel or community volunteers, to do this
important job.
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Many different arrangements have been made for providing materials
and staff in USMES Design Labs. Some districts have small workshop
areas in each classroom; others have set aside a separate room. Since
some USMES activities can be successfully completed without a Lab, some
teachers have begun the program using only classroom facilities and
materials. Labs have been run with no budget; tools were donated and
the materials scrounged. Some have been funded from federal aid pro-
grams, or privately funded by local citizen groups or merchants. Lab
managers have included assistant superintendents, vice-principals,
parents, janitors, science specialists, or retired people who were
hired by the school district. In some schools volunteers--usually
retired men, parents, and community workers--manage the Lab.

Thus, cost of the Design Lab will differ from school to school.
USMES developers say that in the first year of operation, the Lab usually
costs between $850 and $1,000. The cost of replacement of consumable
supplies usually runs $200-$300 for each succeeding year. When teachers
or volunteers do not serve as Lab manager, the salary of a half-to-full-
time manager must be budgeted.

4.6 Demonstration Schools

Persons interested in seeing schools where USMES is being used
should contact Christopher Hale at Unified Science and Mathematics for
Elementary Schools Project, Education Development Center, 55 Chapel St.,
Newton, Mass. 02160. (617) 969-7100.

There are demonstrdtion and field test sites in:

California: Carmel, Ca.
Los Gatos, Ca.
Marina, Ca.
Monterey, Ca.

Colorado: Boulder, Colo.

Georgia: Athens, Ga.

Illinois: Chicago, Ill.
Urbana, Ill.

Iowa: Iowa City, Iowa

Massachusetts: Arlington, Mass.
Boston, Mass.
Lexington, Mass.
Watertown, Mass.
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Michigan:

Minnesota:

New Hampshire:

New Jersey:

Soutn Carolina:

District of
Columbia:

East Lansing, Mich.
Eaton Rapids, Mich.
Howell, Mich.
Okemos, Mich.
Lansing, lich.

Minneapolis, Minn.
Owatonna, Minn.

Durham, N.H.

Epsom, N.H.

Plainfield, N.J.

Charleston, S.C.

Washington, D.C.

4.7 Community Relations

Because USMES challenges involve work toward practical solutions
to real problems, students often have active contact with the outside

community. Usually this happens when they write letters or ask informed
persons for information or techniques they need to collect and/or assess

data. In every case, the response from communities has been favorable,

even eager. Parents and neighbors have been approving and interested in
their children's attempts to solve traffic safety problems, to conduct
consumer research, and to design their own tools and equipment. Many

schools have had parents and neighbors volunteer time, skills, and
materials to classrooms using USMES: The teacher and principal using

USMES materials must help children develop tact and awareness of the
way decisions in the school and community are made, as they present

their solutions and requests to the people empowered to carry them out.

The developers have prepared materials for school or district pre-

sentations to community groups and parents. Meeting logs explain how

these groups have participated in short experiences to acquaint them

with USMES.

5. PROGiAM DEVELOPMENT AND EVALUATION

5.1 Program Development

At the 1967 Cambridge Conference on the Correlation of Science and

Mathematics in the Schools a group of 30 scientists and mathematicians

defined educational goals and discussed the implementation of an inte-
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grated mathematics, science, and social studies criculum for elementary

school students. USMES grew directly from suggestions recorded in the

report of the conference: of E.-...:entary Science

and 1Jt4amat.4 (Houghton Mifflin Company, Boston, Mass., 1969). In a

series of meetings over the next two years several people who had attended

the conference or were stimulated by its report sharpened the USMES phi-
losophy and goals and planned the activities to be undertaken in the
first 18 months of development. They added appendices to the "idea"

material of the Goals report and tried out smile of the ideas in a few

classrooms. Their proposal was backed by EDC, and in January 1970 it

was funded by the National Science Foundation.

USMES staff members carry out the directives of a group of more
than 30 advisors; 19 of these advisors form a planning committee which

meets two or three times a year. Suggestions from the 1967 conference

end from planning committee meetings, or those made by teachers and

students, may become the basIs for new units. Usually the suggestion

is in the form of a general challenge (for example: "Design, or re-

design, a playground for your school.") that includes both general ques-

tions ("Where? Cost? Number of users? Ten years from now?") and specific

questions ("What equipeient? Location of objects? Use by age level?

Effect on animal and plant ecology of the area?"). Earle Lomon commented

on this process:

We, as a staff, or the Planning Committee come up with

lots of ideas (for example, land use for parking, loca-

tion of new sOools in the community, prevention of

molds, water pollution), but for an idea to be considered

at all it must contain a strong challenge, and students

in the development classrooms must find it exciting and

important to work on. A;so, it must contain opportuni-

ties for a large variety of research activities.

The proposed challenge is explored by teachers, students, and USMES

staff and consultants at a two-week summer workshop. Then trial-test

teachers develop the challengc with students in their own classrooms

during the following school year. These teachers write reports and

keep logs of each class meeting. A paid observer also attends the

class frequently and takes notes. An USMES consultant may work in the

classroom from time to time. The following sunner, or in some cases,

after two years of trial, the unit is tentatively adopted or dropped on

the basis of its success in at least ten classrooms of varied socioeconomic

backgrounds and locations. If a unit is tentatively adopted, a complete
Teacher's Resource Book, primarily made up of class notes from teachers

and students who have been working with the unit, is compiled. Sets of

"How To" cardt, are written as they are needed during classroom trials

and are revised whenever the content or wording is found to be unsatis-

factory. Some students have enjoyed editing their own sets of cards

for specific needs that came up during their work. Development of this

kind has taken place with teachers and students in schools throughout
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the United States. A new unit is then field tested and evaluated during

use by a new set of teachers during the next school year. Constant
re-evaluation and direction comes from tne planning committee meetings.

Twelve units have been completed and are available for classroom

use. An additional 7 units underwent classroom development during 1973-

74; 10 more are being considered for development during 1974-75. In all,

the developers plan to complete 32 units by 1978.

5.2 Developer's Evaluation

Developers and many users of USMES are convinced that students

learn more from the USMES style curriculum than they would from a more

traditional one. Their contention, however, is difficult to prove. An

USMES evaluator notes, "It is very Difficult to find evaluation instru-

ments that really do justice to the type of things that children learn

in USMES. Everyone involved in open education is struggling with what

type of program evaluation to use." Since 1971 USMES evaluators have

attempted to 4ind solutions--tests and observation instruments that will

effectively measure student gains. To date, the evaluation has been

done in three parts: achievement tests, problem-solving tests, and

classroom observation. Two sub - tests of the Stanford Aohicuemenr Testa

ArZthmetictil :,:mi.-at..-2tiun and Raiding Comprehension (paragraph meaning)

are given students in experimental and control classrooms. The purpose

of giving these tests is to show that the students spending time working

on USMES gain as much in mathematics and reading as students involved

in more traditional modes of instruction.

Two Boston University professors, Bernard Shapiro and Mary Shann,

working with University personnel, have come up with three problem-

4.1ulng tests. In the Notebook Problem Test, individual children are

asked to decide which of three notebooks the school principal should

order for student use. A group of five students is challenged to design

a playground on an open piece of land in the Play Area Design Problem.

The Picnic Test is a third test which asks students to make plans for a

class outing.

The Boston University evaluators have also devised a classroom

,becivite:o4 scale to record the type of activities taking place in USMES

and control classrooms. Their findings help to shed light on ditferent

organizational patterns and interactions which might evolve because of

USMFS.

In addition to these evaluation instruments, there is prograui moni-

toring by observers who are present in classrooms in which a unit. is

being developed (during the first year) or field tested (during the

second year). Too, evaluators interview a sampling of teachers, prin-

cipals, administrators, and resource team leaders in participating

districts. Finally, teachers involved in program development are paid

to fill out a report on each class session devoted to USMES work and a
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monthly report on the overall activities related to the unit. The

leacher Logs included in the Teacher's Resource Book for each unit are

compiled from these various reports. Developers use information from

thes, observations and interviews to revise the units and teacher-

training strategies.

5.3 Evaluation Results

What have Boston University's studies shown? Do USMES students

perform better on achievement tests than non-USMES students? Are they

more creative problem solvers? Do they interact differently with other

students and the teacher in classroom situations?

Data gathered from Stanford Achievonent Teats of Arithmetical Com-

putation and Reudng Comprehension administered to students in 23 experi-

mental and 23 control classrooms during the 1972-73 school year indicate,

"There was no consistent evidence that exposure to USMES either facilitated

or impeded growth in the basic skills of reading and arithmetic; comparison

of USMES with non-USMES samples yielded no strong trend in favor of either

group." Developers explain that these findings illustrate that students

are able to learn the problervsolvinq process while absorbing basic facts,

skills, and concepts of math and reading as quickly as students who are

not involved in USMES. They caution, however, that the results are not

conclusive because of the small sample size. Additional data were collected

during the 1973-74 school year, but have not yet been analyzed.

'USMES developers are also encouraged by the results of the Notebook

Problem Test.

Children were asked to examine three different spiral-

uound nnteboeks (differing in dimension, number of

pages, quality of paper, number of lines per page,

price, and so on) and recommend which should be ordered

in quantity for student use. Normal classroom tools

such as pencils, pens, rulers, and erasers were made

available to the children to use during their investiga-

tion. In the pretest there were no discernible differences

between the USMES and the control classes on the two

dimensions analyzed: a) whether n-ny of the reasons given

for the choice was based on factors that were measurable

within the test situation, and b) whether the choice

was based on personal opinion, a suggested test, or a

performed test. In the posttest however, every USMES

class altered its scores to reflect a) predominantly

quantifiable reasons for the choice, and b) higher

levels of proof involving suggested or performed tests.

One USMES staff member commented that "there were all sorts of problems

with the methodology," and one would anticipate difficulties in measuring

USMES problem solving type learning; but the results are nevertheless

impressive because they overwhelmingly favor the USMES group.
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The evaluators came up with some interesting findings concerning
students' behavior in USMES classes compared to non-USMES classes. These
findings are based on data collected during the 1972 73 school year by
trained observers using d specially designed interaction scale. A
summary of their conclusions from the USMES Guide states:

In general , USMES classes were found to bf.-- involved in
1./hole group activities as often as the control classes,
but students in USMES classes were much more likely to
be involved in small group work while students in the
control classes were more likely to be working individu-
ally. There was also some evidence that USMES classes
changed structure (e.g., whole group work to small group
work to whule group) more otten during the one hour
observation period than the control classes. While both
the USMES and the control classes utilized large group
instruction to much the same extent, the kinds of inter-
actions differed from the two kinds of classes. Students
in the USMES classes contributed new ideas much more
often than students in control classes. On the other
hand, student verbalizations in control classes took the
form of answers to specific questions posed by the teacher
or random comments much more often than in USMES classes.
In addition, there was somewhat more debating and arguing
points in USMES classes. There were no clear-cut
differences between USMES and control classes on the
number of times students reiterated ideas or made pre-
sentations to the whole class. When the classes were
involved in small group work, the USMES classes were
characterized by much more child-child interaction
while the control classes were characterized by much more
child-teacher interaction.

Teacher's Logs, anecdotal sunimaries of teachers' experiences with
USMES, are included in the unit materials. These logs are a valuable
resource for those who wish to conduct their own subjective evaluation
of USMES.

5.4 Independent. Analyses of the Proyram

Developers are unowere oc any independent analyses of the program.
However, several participating districts are currently discussing ways
to include an assessment of the effect of USMES on student learning in

their ongoing evaluation programs. USMES staff may aid in these efforts.

5.5 Project Fund

The Notional Science roundation has funded the entire USMES program.
USMES is a working project of Education Development Center, Newton,

Massachusetts. The dovelopers expect to continue development of USMES
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units under NSF funding through 1978. Where USMES workshops have been

held in connection with preservice courses (as at California State

College in Bakersfield) or inservice courses (as in the Lansing,

Michigan, School District) part or most of the cost has been the responsi-

bility of the college or school district involved.

5.6 Project Staff

Project Director, Earle Lomon, professor of physics, Massachusetts

Institute of Technology. Other key personnel include: Christopher Hale,

Project Manager; Betty Beck, Associate Director for Development; Thomas

Brown, Associate Director for Implementation; Charles Donahoe, Design Lab

Coordinator; Carolyn Arbetter, Editor for Implementation/Evaluation; and

Ray Brady, Editor for Development.
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FOOTNOTES

1. Cambridge Conference on the Correlation of Science and Mathematics

in the Schools. Goala for the Correlation of Elementary Sclewe and

Mathematics. Boston, Mass.: Houghton Mifflin Company, 1969, p. 6.
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INTRODUCTION

Once there was a yummy place to live called the Land
of Nibble. In the Land of Nibble everything could be
nibbled on. The candy-cane tree had delicious pepper-
mint canes. The ice-cream bush had 93 different
flavors. The lollipop forest contained yummy all-month
suckers. There was a giant cupcake on top of a rock,
but only the bravest people got to taste it. Popsicle
Creek flowed through the. Land of Nibblx. . . . One day
Martin the Monstrous Munch took a walk. He had a huge
appetite and wanted to eat everything in sight. His
friend the Piffle Bird took a walk too. You can tell
where each one went and what he ate by looking carefully
at th? tracks.*

Following the instructions in the Developing vathematical Processes
(DMP) Guide for Level 2, the teacher has read this story to a small group
of students who have, according to the DMP assessment inventory, mastered
the necessary prerequisites for this lesson's objectives--to choose
points and construct a path between them. 21e teacher shows how to draw
the two paths on the maps in the students' workbooks. As this group
completes this assignment one by one, the teacher or classroom aide may
teach another group of children working on a different lesson.

DMP is a new program being developed by the Wisconsin Research and
Development Center as the matnematics component of Individually Guided
Education (IGE). The latter is a total system of education; along with
its curricular components, it includes an organizational plan for re-
arranging a school from self-cc, 'lined, graded classrooms into clusters
of multiage-grouped children and several staff members with roles
ranging from master teacher to student teachers and aides. IGE is an

attempt to combine several reforms: nongraded classes, individualized
instruction, team teaching, "accountability," and shared decision making

among a differentiated staff and administrators. Similarly, DMP com-

bines several reforms: a developmental theoretical base, active-
learning methods, objectives-based curriculum structure, and an indiv-
idualized diagnostic/prescriptive system.

*A11 quotations are from materials issued by the developers or from
conversations with developers or teachers.
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Teachers introducing DMP in an IGE school are expected to receive

a great deal of implementation support from the program developers and

from district administration. Developers say the program works just

as well in nonIGE schools, provided that teachers receive inservice

training, additional staff, and strong administrative backing.

Without such preparation and support a teacher may' find the program

unusually demanding of time and energy and perhaps ambvuous because of

emphases on both developmental learning theory and objectives-based

lessons. Developers comment that most non-1GE teachers with traditional

teaching styles implement the program slowly, accepting one part at

first (for example, the manipulative materials) and gradually adding

other aspects. The complete program at any one level may take two to

three years to implement fully. Teachers with successful experience

in active-learning math and/or open-classroom teaching may have cvolved

their own ways of structuring the classroom and curriculum to respond

to varied student needs and thus may find DMP confining.
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BEST COPY AVAILABLE
BASIC INFORMATION

Develuping Mathematical Processes (DMP)

Developmental Edition is composed of eight levels for use in
kindergarten throuek sixth grade. Number of levels may differ in
the commercial edition.

DMP was veveloped a, the :qathematics ccoponent of the NE
system for nongraded schools. It incorporates both a sequencing of
oehdvioal objecrIves and an active-learning approach. Manipulatives

are an integral part of thP program. DMP stresses student assessment
ark: goupinq for individudii7.ing of instruttien.

Computation, geometry, probability, and statistics; all based
on measurement.

4ct,: Complete kindergarten throu41, sixth grade curriculum.

Students of all abilities, grades K-6. Although the

program '.ias developed for use in conjunction IGE, it is suitable

fur self contained classrooms.

:::fUd.e: Daily use for at least one and one -half hours per week
for students in their first year of school and two and one-half hours
per week in later years.

:iris f'JP rt.! ot-sit:r: Teachers recOve one or two guides for

each and package of materials including game boards, game
directions, story and picture cards, aes4.4ent materials, and an
i...nswer book. Student materials include consumable workbooks, non-
consumable textbooks for Level S and above, test booklets, and a
classroom kit of rqanipulatives.

:.,14b7. Levels K-2, 1974. Level:, 34 are due to be

published by Septflmber 1975; Levels b-6 by Aptemirer 1976.

ii%..:onsin Research and Development Center for

Coynitivc Leo!-ninp, The Univercity of Wisconsin, 1404 Regent St.,
Madison, Wiz. f:::706. (48) C6?-1901,

:14!)1p: Rand r!cNally anti Company, DMP Project Customer Service,

P. 0. Box 700, Chicago, i11. 60660.
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1. GOALS AND RATIONALE

1.1 Goals

DMP developers expect that graduates of their K-6 mathematics pro-
gram will have a command and understanding of the relevance of math,
that they will be able to perceive, pose, anci solve mathematical pron-
lems based on relationships and patterns among objects and phenomena in
their environment--and that they will have fun doing it. Developers
anticipate that experience working with concrete objects and with math-
ematical processes in DMP will prepare students to work abstractly, to
"examine, identify the structural properties and relationships, and
lcjically validate mathematical assertions."

Developers see their program differing from traditional programs
in three major ways: the entire program, including not only arithmetic,
but also geometry, probability, and statistics, is based on measurement;
students are involved in "active" learning; and the teacher role is
altered to stress student assessment and classroom organization for
individualizing learning.

The program intends to allow for individual progress by means of
a scheme of objectives-based lessons and competency tests to insure that
each child moves at his own pace and does not attempt new work until he
has mastered its prerequisite. DMP attempts to combine an active-learning
approach with this individualization system. (The rationale underlying
active learning is discussed in the Nuffield and Madison Project reports
in this book, and the rationale for objectives-based individualization
is presented briefly in the IPI report.) The developers claim, "Not
until DMP has a serious effort been made to incorporate this [Active]
learning approach in a carefully seouenced,'complete program of math-
ematics instruction."

1.2 Rationale

DMP developers accept the rationale that children should encounter
mathematics not as a collection of facts and rules but as a system which
people use to salve real problems. Their brochure aniounces, ". . .Chil-

dren have for too long accepted ir.atf, as an isolated subject unrelated to
other aspects of their lives. . . . The program LIPP] helps the child
understand at the outset that mathematics and the application of math-
ematical concepts have relevance both to his own environment and to
his everyday life."

They chose to center the program around measurement because it
provides relevant, everyday math activities for children. But they also

believe a measurement approaLh is sounu mathematically. They use measure-

!lent as the means for having children investigate the attributes of
objects. ' ley present measuramEnt os the pre:Li:al guise in which chil-
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dren can apply basic thinking processes: describing and classifying,
comparing and ordering, equalizing, joining and separating, and grouping

and partitioning. These processes underlie the concepts and skills of
the math curriculum in the OMP rationale.

Following Piaget, DMP designers deem experiences with concrete
manipulative objects essential for building children's conceptual under-
standing of math, but they decry the haphazard use of math workshop
materials. Carefully chosen manipulatives, used in e- *ruc tured activities,

based on developmental theories are required, they say:

DMP's activity approach to math is rather different
from that usually found in traditional classrooms.
It should be clear, too, that activity-centered math
is not turning children loose to riot; nor is it
hit-or-miss random learning, with a haphazardly con-
ducted instructional program. In fact, just the

opposite is true. DMP's activities are organized
and sequenced with great care, so that skills needed
at a certain point have already been mastered in
prior activities.

The centrality of the developer-designed structure differentiates
DMP from some other programs (for instance, the Nuffield and Madison
Projects) following an active-learning approach, which calls for the
teacher to shape and pace lessons using the curriculum only as a guide.
DMP uses only those math workshop materials specified in the curriculum
and uses them only to teach specific behavioral objectives. The same

manipulatives are used repeatedly so that mastery can be developed
gradually, but also so that "fooling-around time" is greatly reduced.
Other developmental programs advise teachers to provide children with
a great variety of naturalistic but mathematically rich materials and
to encourage children to explore them freely, following explorations
with generalizations and skill learning. DMP designers believe that

teachers need the security provided by explicit directions as to
diagnosis and prescription, and detailed lesson construction, in order
to make experience with materials result in demonstrable skills and
sound ideas.

The commitment to teacher security and to "accountability" (which
is a hallmark of IGE) appears to be the source of DMP's reliance on

behavioral objectives. Writing such "competency-based" goals for
instruction in advance, as measures of student and teacher performance,
does net necessarily connote belief in behaviorist learning theory.
Behavioral statements can be seen simply as ways to make learning goals

clear and public. In practice, however, behavioral objectives do tend

to shape and pace a program in advance. They may pose questions for

thoughtful teachers as to how to reconcile the need to respond to
children's idiosyncratic, developing learning with the need to meet

present objectives.
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2. CONTENT AND MATERIALS

2.1 Content Focus

Developing Mathematical Processes is to be a complete mathematics
program for kindergarten through sixth grade. The developmental edition
contains books for eight levels. Although the developers advocate
flexibility in assigning levels to specific grades, there is an approxi-
mate correlation: Level 1 is for kindergarten; Level 2 and part of
Level 3--first grade; part of Level 3 and all of Level 4--second grade;
Level 5--third grade; Level 6--fourth grade; Level 7--fifth grade; and
Level 8--sixth grade.

A major deviation from standard programs is that in the early grades
the concepts of number and mathematical sentences are presented as ways
to represent measurement situations. Thus equals ("=") is used to repre-
sent "weighs the same as," "is the same height as," "has the same area
as," "holds the same amount as," in addition to the usual interpretation,
"is the same number as." Consequently, although the content is primarily
arithmetic, there is an unusually heavy emphasis on measurement, with
both metric and English units being used. There is also some geometry
at each level, and statistical procedures are introduced for grades 4
through 6. Developers specifically rejected set theory, believing it
inappropriate for young children, and preferring the concept of measure-
ment as a basis for arithmetic.

Physical objects are used to introduce new topics (for instance,
a balance for equality and inequality, shapes for angle measurement, and
toothpicks and rubber bands for place value). Childran are trained to
use the objects as models for the mathematical topics. In addition to
physical objects, poems and stories are used to introduce concepts and
to pose problems. Developers valued the topics presented in previous
active-learning curricula, but sought to develop the basic ideas in
greater detail.

DMP presents problem solving in mathematics as the application of
basic thinking orocesses to attributes of objects. The basic processes,
adapted from those conceived by the Science--A Process Approach program,
are describing and classifying, comparing and ordering, equalizing,
joining and separating, and grouping and partitioning. The process of

deaiwib , ani unsifying is taught throughout the curriculum in activi-
ties like counting, describing shapes, using units to measure weight,
describing location by coordinates, using fractions to describe areas,
organizing data by means of a graph, interpreting two-thirds as two
divided by three, and using negative numbers to represent movements.
Corvaring and ordering are applied to attributes of length, time, weight,
capacity, area, angles, whole numbers, fractions. and decimals.
Equal izirg is the process of adding or subtracting pairs of weights,

lengths, and numbers. In geometry, areas and angles are
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aeparated; the arithmetic operations of addition and subtraction are
taught as abstractions of the same processes. Similarly, the operations

of multiplication and division are symbolic representations of the pro-

cess of grouping and partitioning.

Two other processes in the program, representation and validation,

are special processes which aid problem solving in conjunction with the

basic ones. Representation is the process by which concrete attributes

are expressed gradually in more abstract ways. Thus, the attribute of
length can first be represented physically by a piece of string, pic-
torially by a graph, and finally symbolically using units such as
centimeters. All of the attributes and processes are first introduced
concretely through physical representation, then through pictorial
representation, and finally symbolically. DMP stresses that children

should validate their statements; in particular, they should validate

arithmetic solutions.

2.2 Content and Organization of the Subdivisions

Each of the 8 levels is di,ided into topics (there are 96 topics
in the Developmental Edition--the number may vary in the final edition).

The 11 topics which comprise Level 2, Developmental Edition, are listed

below with a summary of the content in each topic:

TOPIC 2.1 TWO-DIMENSIONAL SHAPE

The child learns to describe and classify regions
(including faces of solids) on the attribute of

shape.

TOPIC 2.2 COMPARING AND ORDERING Oh WEIGHT

The child directly compares and orders real objects

on weight using a balance beam.

TOPIC 2.3 WRITING NUMBERS

The child learns to Witt the numbers 0-10 and
practices writing them in a variety of situ.sttons.

TOPIC 2.4 COMPARING AND ORDERING EVENTS ON TIME

The child compares and orders events on time of
duration and time of occurrence.

TOPIC 2.5 ASSIGNING MEASUREMENTS

The child uses arbitrary units to represent lengths

or weights of objects and he assigns a number and

unit. Then he compares and orders objects using

these measurements.
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TuPIC 2.6 PATHS

The child describes closed paths in terms of number
and length of sides (triangle, rectangle, and square).
He is introduced to the geuboard as a simple way to

make paths.

TOPIC 2.7 COMPARISON SENTENCES

The relationship between two sets or two objects
(on a given attribute) is represented by a sen-
tence involving = or # (for example: 5 4t 7, 6 = 6,

A 0 11). The process of validattn is introduced.

TOPIC 2.8 COMPARING AND ORDERING ON CAPACITY

The child directly compares and orders the capac-
ities of various containers by pouring from one
to another. Also he learns to represent the ca-
pacity of a given container with arbitrary units
an4 he assigns a measurement.

TOPIC 2.9 ORDER SENTENCES

The relationship between two sets or two objects
(on a given attribute) is examined further. Now

the child not only decides if the two are equal,
but also, if they are not equal, he decides which
is lacger an.A writes an order sentence (for ex-
ample: 5 < 7, 6 = 6, A 8). The child also
learns to validate given order sentences. .

TOPIC 2.10 MOVEMENT AND DIRECTION

Simple maps are examined here. The children follow
simple oral or written directions involving, move-
mant on a given path or between given points.
They also learn to give such directions.

TOPIC 2.11 THE NUMBERS 0-20

The numbers 11-20 are introduced as representing
the numerousness of sets of that many members.
The children learn to recognize and to write these
numbers and to count such sets. The numbers 0-10

are re,Jiewed.

Within each topic are several "activities" designed to teach specific

behavioral objectives. (Additional activities within the topic are
designed to review previously learned skills and to prepare for future

topics.) As an example, the behavioral objectives for Tnpic 2.9 are:

1. Given an order sentence, reads it. (reads order sentence)

2. Given two objects or sets, chooses an appropriate order

sentence. (chooses order sentence)
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3. Given two objects or sets, writes an appropriate order

sentence. (writes order sentence)

4. Given an order sentence, validates it physically or
pictorially. (validates order sentence)

5. Given an open order sentence, completes it. (completes

open order sentence)

There are 14 "activities," or daily lessons, under this topic. Six of

the activities are classified as regular, 3 activities are optional, and

5 serve as alternative ways to teach 2 lessons. Each activity is

explained to the teacher in terms of the materials needed, vocabulary

to be introduced, behavioral objectives to 5e reinforced, the type or

classroom organization required for each sequence within the activity,

and teacher preparation.

The program specifies the order in which topics are to be taught.

There is some choice the teacher can make regarding order; for instance,

in most cases the geometry topics are independent of the arithmetical

ones. All children in the class cover the same content; however,

optional and alternative activities are included. The teacher can use

these optional activities instead of regular ones if she thinks theca

preferable for the whole class.

The chart below shows the suggested sequencing for Level 2. If

one topic is to the left of another and an arrow connects them, then

mastery of the objectives under the left-most topic is prerequisite to

the mastery of those under the one on the right.

TOPIC SEQUENCE CHART
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Activities within topics are also carefully sequenced, as this
diagram illustrates:

*: an activity that
contains une Cr

more additional
suggestions for
your use

R: an activity that
reviews an objec-
ti% : listed in a

previous topic

Developers explain:

Activities at a lower level on the diagram' are usually
prerequisite to those at a higher level. If there is
only one activity at a level, all children working on
the objectives should engage in that activity. If
there is more than one, they are alternate activities
and you may choose to do either or both.

2.3 Materials Provided

Student. There are several consumable notebooks for each level,
as weini-Wonconsumable student textbooks for Level 5 and above. Con-
sumable student test booklets include a Placement Inventory for each
level and Topic Inventories for each topic within a level. A class-
room materials kit containing mostly nonconsumable items is also avail-
able. Items include: adding machine tape, balance beams, counting
chips, blank dice, geoboards, rubber bands, toothpicks, Unifex cubes,
and washers.
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Teacher. The Teachers' Guide is thought by toe developers to be

the mgriiii5Ortant piece of material in the package. There is one guide

and sometimes two for each level. The guides contain both assessment

and activity suggestions as well as sequencing options. In addition to

the guide, the teacher gets a package of materials including game boards,

game directions, cards for station activities, story cards, and picture

cards. The package also contains assessment materials. An answer book

to students' workbooks is available.

2.4 Materials Not Provided

A great number of physical materials which teachers may or may not

have in the classroom are not included but are needed for many activities.

These materials include: buckets, cups, funnels, play money, rice,

tongue depressors, bottles, cans, tops, clay, paint, ditto masters, and

felt-tip pens.

3. CLASSROOM .ACTION

3.1 Teaching-Learning Stratuy.

The typical DMP activity is begun by the teacher either leading

the children in a discussion or demonstrating a problem-solving strategy.

This usually takes place in a large group, though sometimes the teacher

introduces materials to smaller groups. Next the children work in

groups or individually at structured tasks, either with physical objects

or workbook pages.

The children are sometimes asked to make predictions or to invent

stories which model mathematical statements, but in general they work

at answering questions posed in the book in a prescribed way; Teachers

can choose to substitute optional lessons or ones they invent themselves

for regular ones, and children can choose which material they use for

validation, but most activities and materials are specified in the DMP

Teachers' Guide.

The teacher is asked to determine which children are meeting the

behavioral objectives and to provide special activities for those chil-

dren who have not yet mastered them. The objectives have been set out

by the DMP developers to move from a concrete to a symbolic level. Thus,

when a child has advanced to an objective on the symbolic level, the

teacher is instructed to discourage him from returning to physical

objects.

Developers have established a series of 24 behavioral objectives

to provide a basis on which teachers can evaluate their own performance.

(They were originally designed to evaluate the effectiveness of inser-

vice training and are included at the end of Section 5.3, Evaluation

234



Results.) These objectives help illustrate some of the differences

between DMP and traditional mathematics programs. Some of the objectives

suggest the ative-iearning element of DMP: "The teacher moves from

group to group, acting as a resource person," "The teacher allows
students to move purposefully about the room," and "The teacher allows
students to interact verbally while working." Other objectives show

the emphasis which DMP developers place on asseeemenv: "Using appro-

priate instruments, the teacher assesses students and completes records,"
and "The teacher states the roles of placement and topic inventories."
Too, the objectives illustrate the role of the teacher as manager of
individualized instruction: "On the basis of information gathered, the

teacher forms instructional groups based c achievement," "When presented

with a student who has not mastered an objective, the teacher can choose
an activity that will help the student," and "When given information on

student achievement, the teacher classifies students on the basis of
prerequisite behaviors needed to start a new topic."

3.2 Typical Lesson

The objectives of Activity 2.5.8 I), a lesson giving students practice

in comparing and ordering weight measurements by graphing, are to teach
students to represent weight physically, to assign with measurement,
and to use weight measurements to compare and order. Before the lesson

the teacher prepares a set of four cartons for each group of four chil-

dren in the class. Each carton is filled with objects which weigh the

equivalent of one to ten small washers and each is labeled A, B, C, or D

inside of the lid. Each group of four cartons is marked with the same

color for easy identification.

At the outset of this activity the students are divided into groups

of four; each group is given a piece of graph paper, four cartons,

crayons, a balance beam, and ten small washers. Students label columns

on the graph paper A, B, C, D. Each student weighs one carton with small

washers on the balance beam, lifts the lid to view the letter, and

records the carton weight by drawing washers in the appropriate column.

o
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After all groups have finished weighing their four cartons, both graphs
and cartons are traded with another group and students are instructed
to find the letter for each new carton without looking inside the lid.
The Teachers' Guide states: "They do this by choosing one of the
cartons, weighing it with small washers on the balance beam and then
finding the bar on the graph that corresponds to the weight of the
carton." It is unclear whether the teacher tells the students that
they should, do this. (If she does not, there is a likelihood that
students will determine the appropriate order through alternative methods
like simply lifting them to determine which is heavier.) Children
validate their own answers by lifting the carton lids.

At the conclusion of the lesson the teacher is directed to discuss
the graphs with the children. Students are to use their graphs to
answer questions such as the following: "Which carton is the heaviest?",
"Which carton is the lightest?", "Are any two cartons the same weight?",
"How many washers did carton A weigh?" Teachers are also instructed to
discuss ordering the weights for the cartons from heaviest to lightest
and vice versa.

The interaction afforded by group work is thought to be essential
by the developers. Although students do not move on to new work until
they have mastered the prerequisite skills, DMP is not intended to be
used as a completely individualized program with each child working at
a separate pace. In at least the first year of implementation a teacher
may have difficulty managing DMP in a classroom where children are not
grouped according to mathematical ability because she may have to pre-
pare and teach two or more different activities every day. Where chil-
dren do differ greatly, it may be practical for the teacher to try DMP
with only cne group within the classroom.

3.3 Evaluation of Students

DMP judges student surxess by mastery of the stated behavioral
objectives. The Teachers' Guide advises teachers to observe children's
behavior to see if they are mastering the topic objectives. Some of
the objectives are assessed solely through such classroom observations
rather than by means of paper-and-pencil tests.

Group ad sometimes individually administered tests (Topic Inven-
tories) are used to assess many of the objectives. These tests are pro-
vided by DMP and closely resemble the workbook pages for the related
topic. The teacher is provided with a form to rate each child's perfor-
mance on the topic test. The teacher indicates the number of correct
responses and then refers to a chart which determines whether the child
is to receive a rating of M (mastery), P (making progress), or N (needs
considerable help) for each behavioral objective. Children are not to
proceed to a topic for which the specific objective is requisit.. if
they have an N rating on that objective.
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Teachers are provided with both individual progress sheets and
group record cards on which students' performance on each objective can
be recorded. In addition to the assessments for students' mastery,
Placement Inventories are provided for eAch grade to determine which
level students should be using and which topics they have already
mastered. Results of the Placement Inventory (;an be used to group
students if the teacher wants to have students working on different
topics.

3.4 Out-of-Class Preparation

Teacher. Although teachers sometimes can choose an activity which
takes less preparation, almost every activity involves the collection
and setting out of materials; many require the preparation of special
materials. In additiun, the teacher must read and work through the
day's activity in the Teachers' Guide. Naturally the amount of prepara-
tion that is required is multiplied if the teacher has grouped students
to be working on different topics.

Student. Student homework assignments have not been written into
the DMP program.

3.5 Role of Other Classroom Personnel

Teacher aides. Teacher aides are very important to the DMP pro-
gram; in fact they are probably essential in the first year of implementa-
tion. Not only are they needed to help prepare and gather materials,
but they help the teachers assess children's mastery of the objectives
by direct observation.

Advisor. Developers suggest that, whenever possible, a DMP local
coordinator be appointed to assist teachers with implementation. The

coordinator should be available to answer teacher questions, to provide
inservice training, and to give demonstration lessons. In schools using

IGE, the "unit leader" may serve as DMP coordinator. Developers antici-

pate that the last levels (grades 5 and 6) will be released in 1976.
Until that time, schools will not be able to implement the program at
all grade levels, and so developers suggest that districts should pro-
vide a coordinator for several years, throughout the initial adoption

period. After 1976, they say, a coordinator may only be required for
the initial implementation year.

4. IMPLEMENTATION: REQUIREMENTS AND COSTS

4.1 School Facilities and Arrangements

Most classrooms are physically suitable for DMP implementation.
It is important that there be tables or movable desks so that the children
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can work in groups with physical objects. Ample storage for the materials
is needed within the classroom.

JAP was developed as a part of IGE, a system that calls for differ-
entiatea staffing to work with students of varying ages and abilities
and to perform different instructional tasks. Developers believe that
teachers adapt the program successfully for use in self-contained class-
rooms. According to Project Coordinator James Moser, most of the
teachers ti no used the program in 1973-74 were not in IGE schools.

However, successful implementation requires that ,aany of the ele-
ments that are part of IGE exist in any school using MP; the program
works best when several teachers in a school are using it, when there
is strong administrative support, teacher aides, inservice training,
alternative means of evaluating achievement, and a math coordinator.
Because the program demands a great deal of teacher time, developers also
advocate a preparation period for teachers.

4.2 Student Prerequisites

There are no special student prerequisites for DMP. Students begin
the program according to their performance on Placement Inventories. If

students within a class differ widely in ability. teachers can begin
using DAP with only one group of students. Student progress is guided
by assessment instruments provided to the teacher.

4.3 Teacher Prereuuisites

Although no special subject matter background is required to teach
DAP, special training in both mathematical content and implementation of
the program is highly recommended. It is questionable whether the
ordinary traditional teacher can orchestrate assessments, lessons in
differentiated groups, manipulative materials, and workbooks unless she
has had intensive inservice training and advisory help in the classroom.
It may be necessary for a traditional teacher to see a master teacher
using the materials and lessons with children, in order to grasp the
developmental intent of the program. The teacher whose training and
experience are entirely traditional may tend to focus on the sequence
of behavioral objectives and to use the manipulatives to train for
"competency" instead of focussing on the learning expertencea, elabo-
rated by work with apparatus, which children gradually transform into
mental concepts. The traditional teacher with insufficient inservice
might also omit the enrichment ideas (which seem to offer the most
creative experiences to children) and require all children to do the

same lesson at the same time.

Devekpurs themselves do not expect that most teachers will be
abl4 to implement a full OMP program during the first year. A teacher
may concentrate on making assessments of students by watching their
activities rather t;..:,n by tests, or on teaching to small groups during
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the first year, adding other aspects of the program later. Full imple-
mentation may take two or three years, according to Project Coordinator
Jim Moser.

Three-day inservice workshops are available for school district
personnel and college professors who have been designated as local DMP
coordinators in various parts of the United States. DMP publishers,
Rand McNally and Company, cover the costs of the inservice workshops as
well as travel expenses. The workshops prepare the local coordinators
to provide inservice for teachers. DMP is currently developing pamphlets,
films, and tapes which the coordinators can use to train local teachers.

The usual pattern of inservice training for teachers includes a
college course of varying length or two days of inservice workshops
before the school year begins. During the school year, biweekly after-
school follow-up sessions are recommended for teachers and DMP coordina-

tors. ;'ewer sessions are recommended for the second semester of imple-
mentation.

For information regarding coordinators and coordinator training
sessions contact: Mary Montgomery, Wisconsin Research and Development
Center for Cognitive Learning, 1025 W. Johnson St., Madison, Wis. 53706.

4.4 Background and Training of Other Classroom Personnel

Teacher aides. Teacher aides should be present at the same inser-

vice sessions as teachers. See Section 4.3.

Administration. The DMP developers recommend that principals

attend nservice meetings with teachers. See Section 4.3.

Advisors. See Section 4.3 for inservice information for local

IMP cORTnators.
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4.6 Demonstration Sites

The following is a partial list of DMP users, including both IGE

and non-IGE schools.

California: Dickson School
Compton, Ca.

Stipe School
San Jose, Ca.

Highlands School

San Mateo, Ca.

Colorado: Sun Valley School
Lakewood, Colo.

Connecticut: Mill Road School
New Haven, Conn.

Illinois: Carrie Busey School
Champaign, Ill.

Indiana: Walt Disney School
Mishawaka, Ind.

Iowa: Hoover School
Dubuque, Iowa

Maryland: Kensington School
Kensington, Md.

Nebraska: Oakdale School
Omaha, Neb.

New York: St. Mary's
Dunkirk, N.Y.

Denton Avenue School
New Hyde Park, N.Y.

Ohio: Green Valley School
Parma, Ohio

Pennsylvania: Union Terrace School
Allentown, Pa.
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5. PROGRAM DEVELOPMENT AND EVALUATION

5.1 program Development

DMP is one component in the Individually Guided Education (IGE)

program under development since 1964 by the Wisconsin Research and

Development Center for Cognitive Learning. The Wisconsin IGE model

(there is also a similar plan called IGE disseminated by /I/D/E/A) is

a total system of education including an organizational scheme, staff

training, and curricula. The organizational plan, called "multiunit

school," is an alternative to a school of traditional, self-contained

classrooms. Instead, students in a three- to four-year age span are

grouped in nongraded clusters of 100 to 150. Within each cluster,

8 or 9 adults (including a lead teacher, 3 or 4 staff teachers, 1

teacher aide, 1 instructional secretary, and 1 intern) are responsible

for planning, carrying out, and evaluating each child's instructional

program. School goals are defined by an instructional improvement

committee that includes unit leaders and the building principal.

Although changing the school organization is the core of IGE,

Wisconsin also sees need for individualized curriculum materials. In

addition to DMP, the Center has developed a reading program to be used

as a part of IGE. The reading program is a compendium of suggestions

for teachers to use portions of other available reading programs.

At the same time as the multiunit model was being tried, researchers

at the Wisconsin R&D Center were investigating processes of instruction

in math. Finding no curricula that they deemed adequate for elementary

children, in light of new knowledge about how children develop mathematical

concepts, the math research group decided to design its own program.

When the Center administration decided that its curriculum programs

should serve IGE, the math research group became an integral part of IGE.

The strategy for individualization in IGE is based on behavioral objec-

tives. The DMP staff began its curriculum design by delineating objec-

tives in mathematics and then sequencing these objectives using models

developed by other educators. In 1971, after competitive bidding, Rand

McNally was selected as publisher for DMP. Rand McNally assisted with

field testing and implementation of K -i materials during 1971-72 in IGE

and non-IGE schools. Nationwide field tests were conducted in 1972-73

and 1973-74. The first K-2 commercial editions were published in 1974;

editions for grades 3 and 4 are scheduled for publication in 1975; the

5-6 editions for 1976.

5.2 Developer's Evaluation

A field test of the first two levels of DMP was conducted in 8

schools in 1971-72; 41 teachers and 1,500 students were included in the

study. Four of the schools had conventional organization and were

located in large urban areas (Milwaukee and Chicago). The other four

242



schools were IGE schools in Wisconsin cities (Milwaukee, Green Bay,
Sparta, and Galesville).

The purpose of the field test was (a) to determine the effective-
ness of the instructional program in terms of student achievement, (b)
to gauge the impact of an inservice program on teacher performance, and
(c) to document the usability of the program."

Student mastery of the DMP behavioral objectives was determined at
three times during the year. Classes were randomly selected and visited
at these times to see what proportion of students had met specific objec-
tives. This was determined by administering program tests and by the
teachers' rating of students on Topic Inventories and teacher observa-
tion schedules.

In order to evaluate the success of inservice training, teachers
were observed biweekly by coordinators, who filled in an observation
schedule at each visit. The observation schedule allowed developers to
rate teachers on 24 specific performance objectives. In addition,
teachers completed a questionnaire and were interviewed.

5.3 Evaluation Results

Student mastery is defined to be a rating of M (mastery) on at least
80 percent of the objectives and a rating of P (making progress) on the
rest. The table below shows the results of this evaluation:

Percentage of Students Attaining
the Specified Mastery Level*

School Type K Grade 1 Mean

Urban 82 43 63

Nonurban 75 81 78

Mean 78 62 70

*M ratings on 80 percent of the objectives; P ratings on
the remaining objectives.

The developers attribute the relatively low levels of mastery to
the early stage of the development of instructional and assessment
materials.
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Teachers were rated on 24 performance objectives. A teacher was

said to have mastered an objective if she was observed exhibiting it

75 percent of the time. The following table shows the percent of

teachers who achieved mastery of the objectives.

DMP TEACHER PERFuRMANCE OBTE,:.:TIVES

AND PERCENTAGE OF TEACHLK MA:TERY

Objective Percentage

1 The teacher chooses activities that help etwents achieve the objectives 92

of DMP.

2 The teacher provides the printed, n,anip.lettve, er other materials needed 95

for the activity.

3 The teacher identifies the problem or the objective of the activity. 95

providing an appropriate focus.

4 During the opening or closing of an activity, the tactier states the 47

relationship of the ectie.te to previous work.

V 5 During the opening of an activ ity. the teacher explains the activity 89

clearly and in a well-organized manner.
1.1 6 During the closing of an activity, the teacher displays aivi discusses SO

to
eai student work.
eel 7 The teacher uses student ideas. 82 (951*

C.
8 The teat :: does not negatively criticise a student's work. 87 (100)

9 The teacher responds to student statements by asking for validation 63

or justification of the mathematical ideas expresseJ.
Cr 10 The teacher asks questions and leads discussion, rather than lecturing. 92

11 Given an activity that requires students to work individually, in pairs, 95

etc., the teacher organizes trie students.

12 The teacher moves from group to group, acting as a resource] person. 95

13 The teacher allows students to move purposefully about the room. 95

i14 The teacher allows students to interact verbally while working. 95

I 15 The teacher arranges furnsnings and materials as recommended. 95

i:6 The teacher demonstrates mastery of the DMP objectives being studied 92

i by the students.

L.__ 17 The teacher descrivee the mathernatizal processes being used. S8

....E. 18 Using appropriate instruments, the reacher assesses students and 71 (80)

N completes records.
.r...i

19 The teacher states the roles of placement and topic inventories. 66 (85)

L
20 On the basis of informition gathered, th teacher tonne instructiOnal 58

groups based 'J n achievement.
e

3 21 When pressated with a student who has net mastered en objective, the 39

teacher can choose an activity that will help the cedent

22 The teacher redirects individual students when they finish. 18

23 When given information en student achievement, the teacher classifies 55

students on the basis of prerequisite behaviors needed to start a new topic.

24 The teacher identifies the various options that are made available in each 51 (801

topic of the Teacher's Gaide.

*Numbers in parentheses indicate percentage of nonurban teachers where appreciably different.
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Evaluators conclude that the inservice training was effective in

helping teachers implement its activity approach to learning; participating

teachers reached the criterion level on 13 of the 17 objectives related

to providing instruction (instructional materials used by the teacher,

the teacher's verbal behavior, the classroom organization, and the

teacher's knowledge of mathematics). The program was not judged success-

ful in training teachers to manage DMP instruction to provide for indi-

vidual student differences. None of the non-IGE teachers attained the

criterion level on objectives relating to managing instruction; IGE
teachers reached the criterion level for only 3 of the 7 objectives.

It was expected that IGE teachers would perform better than non-IGE

on these objectives both because they had received previous exposure

to use of assessment and management information during IGE inservice and

because they taught in schools where arrangements had been made for

student grouping. IGE teachers also did a better job of using student

ideas (Objective 7), and they criticized student contributions less fre-

quently (Objective 8) than did non-IGE teachers.

Developers caution that one should not draw definitive conclusions

from this study because of the small sample size. Information gathered

from nearly one hundred schools during 1973 suggests that DMP works as

well, and sometimes better, in non-1GE schools. A formal analysis of

1..te data has not been published. Future evaluation plans call for com-

orative evaluation of DMP students and those learning through other math

programs.

Data gathered from teachers,questionnaires and interviews indicate

that bot!. teachers and students were enthusiastic about the program

even though "the program cannot be implemented. . .without an expendi-

ture of faculty effort and staff resources which goes beyond the con-

ventional elementary mathematics program."

5.4 Independent Analyses of the Program

No independent review exists of the DMP program at this time.

Observation of several classroom teachers who were trying OMP for the

first time, and who were receiving rib in-school advisory help, led

observers to speculate that in order to use DMP successfully, teachers

need previous experience or background in developmental learning theory,

active-learning math or science, or open classroom teacning. (However,

if teachers already have such prerequisites, they mat' Ind this program

too constricting.)

Those teachers observed stressed the workbook exercises, and their

approach to manipulatives was that students could use materials only in

the prescribed, teacher-demonstrated way to answer the teacher's questions.

Experimentation with materials was discouraw. One teacher said she

doesn't allow students to touch the materials before she explains their

use, since "it would get too chaotic.'
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The teachers were using the standard state texts in conjunction with

the DMP materials in order to prepare students for state achievement tests.

Consequently, the students were working at very advanced symbolic levels

before they had had the concrete experiences which OMP intends to be

prerequisite. However, the teachers commented that students enjoyed the

work with DMP much more than they enjoyed the work in the texts.

5.5 Project Funding

The development of DMP was funded by a grant from the U.S. Office

of Education, Department of Health, Education, and Welfare, augmented

with funds from the National Institute of Education and the National

Science Foundatiori.

5.6 Project Staff

DMP was developed by the staff of the Analysis of Mathematical

Instruction Project at the Wisconsin Research and Development Center

for Cognitive Learning as part of the IGE program. Principal Investi-

gators were Thomas A. Romberg and John G. Harvey, Project Coordinator

is James M. Moser, and Implementation Coordinator is Mary E. Montgomery.
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